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ADVERTISEMENT 

TO  THE  SECOND  EDITION. 

THE  favourahU  reception  which  this  work  haj  ex 
ferienced  from  (he  public  having  rmderei  a  Jeco\ 
edition  necejfary  fooner  than  was  exptHed,  hut  liitletim 
has  been  afforded  for  new  di/ceveries  in  philcfophy ;  _j 
the  additions  and  alterations  in  this  edition  will  befotit, 
etmjiderable,  and  I  flatter  tn^elf  ihty  will  he  thought  ioi- 
p-ovements. 

A  veri  long  chapter  has  heen  added  on  the  Mecbaxie 
Towers,  and  two  whole  chapters  on  the  Reflexion  and 
Rifra^im  cf  TJgbt,  intended  to  make  the  fdmet  of 
optics plaht  and inteBgibk  torcadtrs  imatqttaiMted vHtk 
natbemaiits. 

Whatever  of  novelty  bos  occurred  injcimeefince  the 
firfi  ptdrUcation  <f  the  work  bas  heea  caTefuUy  added  i 
matrf  omiffimis  have  been  fitpplied;  and  by  the  kind  at- 
tention of feveralfciaitific  friends,  Jme  errors,  which  bad' 
ffcafeditt  tbefirfi  in^r^on,  have  been  carre3ed» 


G.G. 


14.  1798. 


LORD  BISHOP  OF  LANDAFF. 


MY  LORD, 

IT  is  feldom  of  much  confcquence  to  be 
informed  concerning  the  circumftances 
which  have  fuggefted  any  literary  under- 
taking. If,  however,  it  is  not  a  fubjeifl  of 
curiofity  to  the  public,  it  is  at  kaft  of  gra- 
titude to  me»  that  it  was  the  peruial  of  your 
Lordfliips  two  firft  volumes  of  Chemical 
E0ays,  ihzt  firft  convinced  me  of  the  prac- 
ticability of  mating  philolbpby  popular,  and 
induced  me  to  projeft  the  prc&nt  publi- 
cation. 

Vour  Lprdfllip  will,  I  fear,  discover  that 

this  is  "not  the  liim  total  of  my  obligation 
to  your  incomparable  work;  but  that  I  have 
freely  ufed,  and  almoft  abufcd,  the  liberty 
your  Lordihip  was  fo  kind  as  to  grant  me 
of  cxira<3iiig  from  it.  In  every  point  of 
view,  therefore,  whatever  merits  the  Econo- 
my of  Nature  may  be  found  to  poffeis,  are 
A  3  ultimately 
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ultimately  to  be  attributed,  not  to  the  author 
whofe  name  appears  in  the  title  page;  and 
I  can  only  fatisfy  my  own  mind  by  making 
a  public  acknowledgment  of  my  obligations, 
and  by  fubfcribing  myfelf,  with  the  uimoft 
refpetft  and  fincerity. 


Your  LoRi^sHip's^ 

Ever  grateful  Servant, 


PREFACE 

TO  THE  FIRST  EDITION. 

THE  waoc  of  a  popular  tretdfe  of  i)h]lofophy9  W 
which  migfic  ime  as  a  proper  introduAion  to 
natural  hifiory  i  to  czplam  to  general  readers  the  great 
principles  aixl  operations  cf  nature  i  to  give,  in  a 
united  view,  die  difcoverics  of  the  modems  on  theie 
impcmaDt  fuI:geAsj  firft  fuggefled  to  me  die  prelent 
imdertaking. 

It  is  now  many  years  fince  I  projefird  this  work, 
and  I  intended  to  have  termed  it,  <'  The  Philoibphy 
of  Natural  Hiftory," — In  that  tide  I  have  been  and- 
cipated  -,  but  my  plan,  though  long  fince  announced 
very  amply  to  the  public,  has  not  yet  been  anticipated, 
and  the  work  is  ItiU  as  much  wanted  as  when  I  firft 
conceived  the  intention  of  undertaking  it. 

To  diftinguiih  certainty  from  conjefturc  is  the  moft 
difficult  talk  of  the  fcholar ;  a  taik  which  few  find  lei- 
fure,  fortitude,  or  attention  to  complete.  In  the  pre- 
fent  imperfeft  ftate  of  knowledge,  when  I  fay  certainty^ 
1  perhaps  woiWd  confine  the  refcarchcs  of  human  wifdom 
within  too  n^irrow  limits ;  and  frobability  may  be  the 
more  fiiitable  expreflion,  which  muft,  indeed,  compre- 
hend no  inconfidcrable  portion  of  our  difcoverics  in 
nature.  To  fcparate,  therefore,  the  probable  from  the 
fancifi]l,  was  my  firft  object ;  and,  if  I  was  not  appre- 
hcnfive  of  being  thought  too  affuming,  I  would  add, 
the  ujeful  from  the  fpeculatiye.  I  have  obfcrved,  that 
in  all  fciences  the  principal  difficulties  arife  from  cer- 
tain controverted  and  difputable  points,  which  are  of 
little  importance  in  themfclves,  and  which,  as  they  are 
not  eftablifhcd  upon  competent  evidence,  are  not  cafy 
to  be  comprehended. 

A  4  To 
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To  cxpcifl  much  of  novelty  in  the  followii^g  pages, 
would  be  to  expeft  falfchood  and  abfurdity.  One 
man,  even  wiili  the  unparalleled  powers  of  a  Newton, 
is  abJ«  in  the  courfe'bf  his  life  to  make  but  few  dif- 
coveries  of  importance  i  and  after  the  toil  of  centuries, 
it  would  be  extraordinary  if  much  of  what  is  r"a.lly 
true  was  left  to  be  difcovcred.  If  1  have  lucceedcd  In 
placing  in  a  clear  and  perfpicuous  light  the  obfcrvacions 
of  others  ;  if  I  have  coUei^cd,  and  arranged  in  a  lucid 
order,  the  leading  truths  in  the  difftTcnt  branches  of 
philofophy,  I  have  perforrreJ  a  great  tartc ;  bu:  this  I 
dare  not  flatter  mj'fcif  I  have  been  able  to  accompU(h. 

Imperfeft,  however,  as  the  work  muft,  !  am  con- 
fident, ftill  appear — it  is  yet  the  labour  of  fome  of  the 
roofl:  valuable  years  of  my  life,  with  the  affiftancc  of 
fome  learned  and  excellent  friends,  whofe  kindnefs  in 
thefe  inftances  I  fhall  hav-c  prefently  to  acknowledge 
more  at  large.  Let  thofe  wlio  may  be  difpofed  ta 
complain  that  more  has  not  been  done,  only  rcfleft  on 
the  difficulty  of  what  has  been  cffcflcd,   and   I  flatter 
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waters,  and  of  the  general  properties  of  dut 
fluidt  occupy  the  next  department  ot  the  work. 

From  Ack  fubjedb  I  have  proceeded  to  what  is 
called  the  vigetabk  kingdom,  including  whdt  is  known 
on  the  nature  and  theory  of  v^etation.  The  animal  . 
economy  {ijcceeds ;  and  that  as  little  as  poffible  migfac 
be  wanting  to  complete .  the  courfc .  of  elementarf 
knowledge,  I  have  concluded  by  a  (ketch  of  the  human 
mind.  This  latter  part  will  conneA  properly  with  my 
Eflays  IJidorical  and  Moral,  publi{hed  fome  years  ago^ 
and  which  contain  the  great  outlines  of  my  fentiments 
on  moral  and  political  philofophy. 

As  it  was  my  defire  to  make  this  treadle  as  f^In 
and  clear  as  poilible  to  unlearned. perfbas,  I  have  to 
apologize  to  my  more  fciendfic  readers  for  the  occa- 
fx)nal  repetition  of  the  fame  principles  and  obfervaf  ioiis. 
Having  been,  in  fome  meafure,  all  my  life  engaged  m 
the  bufineis  of  education,  I  have  feen  the  necefllry  of 
frcquendy  recalling  the  attention  of  young  perfons'  to 
principles  already  proved  and  cftablilhcd,  in  order  to 
enable  them  to  underftand  what  is  to  be  taught.  In 
giving  the  hiftory  of  different  fciences  alfo,  many  fails 
and  obfervacions  are  naturally  anticipated ;  and  yet  it 
becomes  ahfolutely  neceflkry  to  confirm,  illuftrate,  and 
apply  thefe  in  a  more  extenfive  manner,  in  treating  of 
the  fciences  at  large. 

If  it  is  afkcd,  for  whofe  ufe  this  work  is  defigne^j^? 
1  anfwcr,  for  all  whofe  curiofity  would  lead  them  to 
take  a  general  furvey  of  nature — for  all,  in  pardculaj^ 
who  wifh  to  underftand  the  elemencs  and  principles  of 
narurdl  hiftory.  I  conceive  alfo,  that  it  will  not  be 
iinufcful  to  the  younger  ftudents  of  medicine,  finCe  it  is 
intended  as  an  eafy  introdudlion  to  general  Icience  j  and 
fince  it  connprehends  all  the  ft,  ft  principles  of  chemiftry 
and  phyfiology.  With  the  more  eniighcertcd  clafs  of 
female  readers,  I  cannot  but  flatter  mvfelf  that  the 
work  will  be  ^vour^hly  received,  as  I  really  had  their 
enrerrainment  and  informadon  principally  in  view  in 
coiiipiling  it  -,  and  they  may  depend  upon  it,  that  the^/c 
is  n(;t  a  fingle  expreflion  in  the  whole  that  can  rca- 
fonably  offend  the  moft  delicate  and  modeft  ear. 

To 


^U-H 


P  R  E  F  A  C  ] 


TO     THE 


To  Tome  perfons,  who,  I  mull  obfcrvr,  have  rather 
more  zeal  than  knowledge,  ftudies  fitch  as  thcfc  way 
appear  rather  inronfiftent  with  the  clerical  profcflion  • 
and  ^e  fcicnce  of  theology,  a  fcience  extenfive  enough, 
]  confefs,  to  occupy  the  Ufe  of  a  man.  I  might  reply 
by  a  Cnnple  faft,  that  /  rrever  yet  have  been  enabled  to 
fain,  by  the  exercife  of  my  prejejjiont  a  livelitsedfcr  myfilf 
end  family  -,  and  it  muft  appear  a  hard  cafe  to  confine 
the  whole  atrention  of  any  man  to  what  will  not  furnifh 
him  with  the  neccflaries  of  life  j  yet  the  great  bulk  of 
my  previous  publications  (without  exce-ptirig  my 
EflTays)  have  been  in  :hc  direft  line  of  my  profcflion. 
1  do  not,  however,  reft  my  apology  upon  this  argument, 
but  I  muft  fay,  that  in  publi/hing  the  prefent  work,  I 
believe  I  am  not  lefs  eflentially  ferving  the  caufe  of 
religion,  than  if  I  had  been  employed  in  compiling 
a  trt'atife  of  divinity.  Next  to  the  lludy  of  the  fcrip- 
tures,  there  is  none  which  fcems  to  lead  the  human 
mind  fo  direilly  to  a  knowledge  of  its  Creator,  as  the 
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or  by  my  folicitarions  to  have  been  drawn  into  a  dif- 
agreeable  predicamenr. 

It  remains  to  do  juftice  to  ttiefe  (ricnds.  '*  Xo  ren- 
der honour  to  whom  Sonour  is  due ;  praife  to  whom 
praife/'  is  the  part  not  only  of  the  chriftian,  but  of 
every  honeft  man.  In  the  optical  part  of  this  work  I 
have  been  materially  alTiftcd  by  a  gentleman  of  known 
and  diftinguiftied  abilities,  who  taught  publicly  for  a 
feries  of  years  the  (cveral  branches  of  natural  phi- 
lolbphy,  but  who  will  not  permit  me  to  make  my  ac- 
knowledgments in  a  more  particular  manner.  For, 
I  may  fay,  the  whole  of  the  animal  economy,  I  am 
indebted  to  jny  valuable  and  Icientific  friend  Dr.  Bel- 
cher, of  Maidltone,  as  well  as  for  moft  eflbntial  affift- 
ance  in  the  mineralogy  and  the  vegetable  fyftem,  and 
for  revifing  and  corred:ing  feveral  other  parts.  It 
would  be  impolTible  to  fpecify  the  authors  from  whom 
I  have  extrafted  my.  maieriab:  I  have  infertcd  re- 
ferences as  frequently  as  I  could  with  convenience. 
In  fome  inflances  the  reference  was  ncgleitcd  in  thc- 
copying  of  my  original  notes;  and  in  fome>  the  fa£ts 
were  commonly  known,  aqd  diffufea  through  z  mul- 
titude of  authors. 


;.7  ■  t  -,'.wftw''  ., 
[':  CONTENTS. 


Book    I. 
OF  THE  GENERAL  PROPERTIES  OF  MATTER. 


Chap. 

Of  Matter 


-page    1. 

1  general. 

Sxflanalha  af  Tirmi. — IVbtlhtr  all  Matlir  ii  reJiiaUy  ibi  Jamtj'— 
.     Guurd  Preptriiii  ef  Maiitr. — ^juuiiitj  of  Matter  in  lit  Vhivo-JL 

.  I  Chap.     Il^-page  6. 

Of  Elemenu. 
Ofinkni  of  ihi  Jndeas.—Neiu  ^rrangtmeitl.—EHumtreihn  iffimph 

Suhfiaxui,  tucording  in  the  m-w-  Philcfi^by.— Atrial  Subjianeu 

iaribs.—MttaU.   ' 


CONTENTS. 


CBAr.  VU.— page  jjv 
Of  ihe  Mechanic  Powers. 
%ixfimdt  Macbhui^rbe  Lfotr^'Tic  FuiUj.—Tbt  ma^tiAU  P*!- 
Ut.— Of  ^l>ttli.—Ckti%aork.—Btfi  Medt  of  maftruaini  /-^ 
^heili  tf  Carriagis.—Tbt  Wbril  and  Jxlt. — Tbt  Crant. — Tit 
Ca^an.—7ht  Crkk  or  Jaci.—Tlu  mciiHid  Plani—MatiiM  tf 
C^riagts  »j»  am  iadiaed  PUaa,  i^Cr-Tii  H'td^t.—^ht  StrtWf^ 
Tit  fer^i^  Scrnu. 


Book    li. 

*  ,  OF  THE  NATURE  OF  TlRt. 

Cb«p.     1 — page  86. 

Hiilory  of  ihc  Difcoverie*  rcUlivc  to  Fire  and  Heai. 

Ofrmi—!  <  rl"  Aneitnii. — Of  Bonn,  BoyU,  and  Newlan. — Of  Htm- 

hrg.   Sgraw/iiu/,  amJ  Lmirj.—  lHTJiKlUii  tf  ihi  Thtrmtmtttf.— 

Ofimivm  af  Boirbaa've.—Grtat  Difcmitry  efDr.BUci. 

C  H  Ji  r.    Il^—page  93. 

Of  Fire  (Caloric)  and  its  Properties. 

lajuiiy  •mbtibtr  Htal  er  Fin  u  a  Subjiaati  ar  ^eliij.—Fire  a  S»b- 
ffiuui.—T^Ptl'"^''"'  'f  '^'  DoHrini. — Anaiagy  ttltntm  Hialaad 
t,igbl  .—^bjiaiani.—Praftriiis  tf  Fire  or  Calaric;  Miituttnefi 
^  FartitUt ;  attrKStd  bj  all  BoJiti. — Condaaing,  Pauitrt  afdif' 
firfnt  Bodui. — Cd*^  tf  Fluidilj, — 9'iy  Htal  ii  pttducid  bj 
JUtekiw^  Limt,  mad  ly  etrtaht  Mixturtt  ^  t»U  Sabflanca.^'Frax- 
iag  of  Wattr  bj  ibt  Fht  Sidt  txplainid* — Firt  tbt  mefi  tiaJiU 

■     t^BtJus. 

Chap,    til.— page  io9. 

Of  ExpanfioD. 

MMptrmtnli  pra-viitg  ibt  ixpaa/i-vi  Farci  ^  Fir*,  tf  Caltric—I^a- 

mtatifar  ^tajkriag  Dtgrtei  ef  Httt.—Tbtrmeimltrt.—Dr.  Black'i 

.   Altdi  *f  tat4f'^''>£  bigb  Dtgrai  ef  Iital,-~Mr.  IVidgtitesd's. 

Chap.     IV. — page  n6. 

Of  Flatdity. 

CaUrit  tjaallf  iht  C<u/t  ofExpanfian  and  Flmdiiy.—Pbtnomtna  ef 

Btdiu  fafng  from  a  falid  ta  afiaid  Stati,  and  tbt  caalrary. — ij»- 

/(^fi  Ctid^tbtSiiib*r»  HtmiJ^hert  txptaintd.—Diftiaai,M  btliutiH 

BxpOMfiea  a^  Fiaidilji.,~Bxftrim*iai  lUiJiralivt  aftht  Do^riat  of 


CONTENTS. 


C-HAF.     V -page.. J. 

Of  Boiling  Vspouf,  Sec 

Blaftic  Fluidt  diftingm^td  fram  cemmtv  Fluidi.'—Spitifit  Gi'ttuily  b/" 

fepi>ur /■  'whiU  Maintr  Dr.  Blati  -wai  ltd  /o  farm  ha  Thtary 

cf  taint  Htai.—lmminfi  Forti  »/  yaptur.— Bailing — AU  Fluidi 
iai!  in  a  Ic/i  ftmpirBluri  im  f'aaa,  than  undtr  ihi  Prtjfarl  ef  the 
Jtmnfphert. — Exferimtnli.—Phtatmrna  af  Boiling  and  E-vapunBiait 
txpIaiitrd.^~Wby  ff'aitr  ixtingmjhei  Flame.-^SpBntmueitt  Eva^gra- 
.     lhn.-~Pbt7iBi!iiiia  ef  Devii,  Mifii,  tS'c 

Chap.     VT. — page  140. 
Of  Ignition  2nd  CambuHion. 

Ignilicn,  luhal ;  hmv  produced, — Burning  of  Pheffherui.—Inpuamm- 
t!i  Air.— Culinary  Fira.— Lamps.  (^cj-Hiv  Flami  afimds.— 
thtory  ofArgand'i  Lamp.~B,Jt  Form  ofGretci,  Slevti.  isfc— 
Comiuffion  produced  by  feme  Sabjianct!  viitbottt  a  Cmnnulticatioit 
•miib  the  Almojphtre.'—^un'pi'wder,  tf  c— /««  madt  la  burn  liit 
a  Cand!t,—SpoiilaBeeui  Igitiliolf. — Curiaui  Fa£fit-^^uaitlily  ef 
HtBt  txdttd  infufing  difirent  Badiu %cait  if  Heal. 


Book    III. 


CONTENTS.  » 

H4M.—VtUiiiy  ef  Light. — Ligbi  alioays  me^ti  in  'Right  Linn,— 
Rarity  ef  Light. — Ftrct  Br  Momtntum  tf  Light — Mi/tJnll'i  Exfr- 
nxttt.—lHauirj  htnu  far  tin  Suit't  Magailuiit  ii  Jiitimijhti  hj  /Ja 
£iniffisa  ef  Lighl,—L'ght  jubjiil  to  ibe  orjinary  Lavjs  of  Nat^l. 
— Light  attraStd  hj  iht  BaU^ian  PheJ^htri.—thl  j'aiAt  Pnfirff 
ia  Diameadt,  aad  »htr  Prtcitmt  Stanei. 

Crap.  III.— page  185. 
General  View  of  the  Phenomena  of  Reflrvion. 
Ofati  B>dia  Ja  Ml  nflea  iht  iTMt  if  lit  Light  ihai  fath  m  thfim. 
— iflot  efRifitxitm-^Rtfitxinframflmu  Sar/atii.-^RrflexiBifrtm 
eanvrx  Sarfaiti. — Frtm  ttiuavr  Surjaat. — Phtniimina  a/  Rifiixitm 
fnm  fiaai  Mirnri  txplaiitdj-^Frtat  rsnttx  Mirreri. — Frtnt  eta- 
tsrst  Mirrtri. — PrttniHIiil  Ilage  fram  a  ciit^vt  Mirror— ~Tit 
cf/iaJrical  stirrer, — The  Rtili^talian  tf  dijiiaitd  Figarti  hj  thit 
Mirrarj—1'ht  nnkal  Mirrtr. 

C  «  A  p.  IV.— page  100. 
GtaeiiX  View  of  the  Phenomena  of  Rrftiflion. 
L^vss  cf  RefraSioi.—Dtgrtt  ef  RifraBisH  •which  Light  fi^irt  frtm 
di^rrm  Mediumi. — Com/inn  PhtKsmtna  a/  Rt/raSamj—kt/raiiiam 
ty  Jphnical  Sarfacci — Bj  cmvix  Sur/aai—By  cnctme  Sur/acti. 
—O/liMjii. — Cea-vix  Le<ift>.—Ctnita<,t  Lnjii. — Diftrint  Rlfrm- 
lihility  tftht  Particits  rf  Light. — ExferiauM  -jiilh  il}c  Pri/m. 

C  M  A  F.  v.— page  at6r 
Of  the  Principlet  af  Catepaia. 
fUat  tflmmt  ia  flaat  Rj'foStrt.^-Whj  a  }4imt  mdj  Fltifiht 
Situ  ^tm  Oi/ia  exbiblti  a  ptrfia  Imagt  tf  ibt  mdi.—Platu 
tflmepi  mudifrtm  Rtfiixith  hj  jpitrieai  Siirfaclt,—Maii  t/Jt- 
UfMimiag  the  Ftri  if  rtfltSid  gU^t  fremjphtrie^  Sarfactt^—SiKt 
^  Pnfarlimi  ef  Iiaagu  bi  ffhrrkai  R^ratri. — Pimtmn*  ^ 
tmrrw  ad  ttmvtx  Sft^hmt  trfltitud 

C  H  A  p.  VI. — page  327. 
Of  the  Principlej  of  Dioptriet. 
Dieftriet  relate  IB  ibt  EfeSj  ef  RifraaiBa- — in.  -what  Manner  IB  find 
th*  aSaal  SituttiBn  sf  ax  Objia  Jeen  in  a  dijirnt  Medium. — Tin 
apfareni  Silaaiisn  ef  en  ObjiB  fun  thrtngh  a  Glaft  WindBtu  dif. 
ftrtnl  frtn  the  real  Bnr.-~~The  Effect  tf  traxfparinl  Media  veili 
ffbtrica!  Snrfacti  enlbt  R^i  ef  Light  tubieh  an  IraH/ailftd  ibrmgh 
iheiH.— Rules  fsr  finding  the  Feau  Bf  Rayi  fa£ing  tbraugh  faih  Me- 
Jiami.i^rbtery  af  Lenfes. — Piant-cawvex  and  flana-cmica'ue  Ltnjii. 
~Raiei  t*  find  tb*  Feeui  ef  a  L<ni.—Ff<iu  tf  divtrging  Rajt  in- 
UfttfUd  u  a  Ltni.—Fttv  efa  Sfbtre. 

Chap.' 


CONT     EISTTS. 


Chap.     VII. — page  2^1. 
OfVifion. 
Tit  Eye  dt/:i-iied  M  an  eflital  Infirumtnt. — Hifias  ef  thi  Eye.—'Sbsrt 
tini!  luati  Sight.~-Tbi  farmtr  rtnudied  by  dmthii  teiua'vt,  and  the 
lalltr  tj  dntU  convlx,  Glepi^Ueio  tbt  Facallj  efftting  CBrrt3- 
iy  I!  acqairtd. — j^pparint  Magnifudi  Jcptaji  nn  thi  DSfiant!  tfOh' 
jteli.—yifuat  AngU.^Pbtnriinena   af  f'ijiaa. — H'tj   ike   diflamt  ■ 
Paris  cf  an  barixental  Plain,  and  ef  ihi  Sea,  appear  ettvaiid.— 
tf'fy  a  long  Walt  eppeuri  curved.— IVkf  a  hiih  Tevier  appiari 
falling  la  an  Eye  bemalh. — Bd:  ef  Saturn. — Phmemetia  ef  Cifion  as 
fOHMilcd  'uiitb  Mutka. — It'itf  lie  Mean  apfeart  le  ma-vt  injlead  tf 
ihc  Cleudi  luhUb  paft  ever  itj  Face.»-{i'hy  a  Cirtlt  i/ievied  ak- 
Jijtuly  ajtprars  aval. — Uatu  Giajfu  a£iji  iht  Sight. 


vj  ri.. 


.page  ajo. 


Of  TelefcopCi  and  ojhrr  Optical  tnllruments. 
Tiiitcipy  an  'which  tbtfi  JiifirumtKl!  are  caxjlruaed. — DtftS t.—Ttli- 
fiapi  of  Galika.—Miaajeape. — Rificatng  'Ttlifcope.^Caiatra   Oi- 
Jcura. — Magic  Lanlharn^ 

Chap.     IX. — page  260. 
Of  ihedifFereni  Refrangibiliiy  of  the  Rays  of  Light,  and  of 


^f'  THE   GENERAL   PROPERTIES  Ot 

MATTER. 


Chap.     L 

OF   MATTER  IN    GENERAL; 

SxfiiuiMtsoH  jf  Terms^^'Whethtr  all  Matter  is  radically  the  famj^A, 
Gtneral  Pr^ertiei  of  M^tir.^-^^uumliiy  ^Matter  in  the  Univerfi. 

THE  word  Matter  (materia^  which  fome  lexi- 
cographers have  derived  from  mater,  a  mother) 
denotes>  in  its  primitive  fenfe,  that  unexplained  fonne- 
thing,  from  which  all  thofe  things  which  are  objefts 
of  our  fenfes  are  formed. 

The  term  iocfy  is  fometimes  confounded  with  that 
of  matter;  but  they  are  eflentially  different ;  Body 
(bobije)  is  of  Saxon  origin.  It  is  explained  by  the 
La dn  words  ftntura,  feElus,  fruncus-,  and  fignified  the 
ferfon  ox  form  of  a  man,  or  other  creature:  whence  it  is 
plain  that  it  ought  to  be  confined  to  cxprefs  a  fubftance 
pofTefling  form  or  figure. 

Subjiance,  both  in  its  etymology  and  application,  ap- 
proaches nearer  to  the  meaning  of  the  former  of  thefe 
terms.  It  is  well  known  to  be  compounded  from  the 
Latin  prepofidon  Jub  (under)j  and  the  verb  Jlare  (to 
ftand.)  It  confequenly  implies  that  which  yif^^T^/j  or 
ftands  under  the  difFerenc  forms  and  appearances  which 
are  prefented  to  our  fenfes.  It  is  flill,  however,  ufed 
in  a  diftinft  and  more  limited  fenfe  than  matter.  It 
is  generally  mdecd  ufed  with  the  article,  to  fignify  a 

Vol.  L  B  diftinft 


2  Suppojtd  Bemcgmeity  of  Matter.     [Book  I. 

diftinft  or  definite  portion  of  matter;  whereas  ra/i//fr  in 
the  abftraft  implies  a  more  confufed  and  general  idea 
of  folidity  and  estenlion,  with  little  or  no  regard  to 
figure,  proportion,  or  quantity. 

Thcfe  words  are  of  fuch  common  and  frequent  ufc 
in  philofophy,  that  it  appeared  neceffary  to  have  a 
competent  notion  of  their  furce  and  meaning,  particu- 
larly in  a  chapter  which  profelTcs  to  treat  of  the  firft  of 
them:  and  I  have  gcnfrally  found  etymology  a  fafer 
and  cafier  mode  of  communicating  knowledge  than 
definition. 

That  the  whole  matter,  of  which  this  univerfe  of 
things  is  compofed,  is  cfTcntially  the  fame,  aiid  that  the 
apparent  differences  which  fubCft  in  different  bodies 
depend  altogether  on  the  particular  diftribution  ordif- 
pqfition  of  the  component  particles,  is  an  opinion 
which  has  been  cntertainpd  by  fome  phiioibphers  of 
the  higheil  reputation.  The  wonderful  apparent  tranf- 


freik  depeGc  of  caPthL  M.  Margraff  repeated  die  ex- 
perimeat  with  (till  greater  caution.  By  means  of  two 
gk&  gk>bes>  which  communicated  with  each  other,  he 
ppcfcrvcd  the  waiser  while  in  the  ftatc  of  vapour  from 
att  contaa  with,  the  air;  and  on  repeated  diftillation,  a 
quantity  of  earth  of  the  calcareous,*  kind  was  depa* 
fited  at  die  conclufion  of  each  procefs. 

The  extreme  rarity  and  minutcnefs  of  the  particles 
into  which  different  fubftances  may  be  rcfolved,  im- 
parts a  (tiU  greater  degree  of  probability  to  this  hypo- 
thefis  I  and  in  general,  the  more  any  body  can  be  di- 
vided, the  fimoler  it  appears  in  its  component  parts. 

We  muft  however  be  cautious  of  admitting  opinion% 
which  arc  not  £in£tioned  by  the  dircd  teft  of  experi- 
nsent;  and  however  plaufible  the  opinion,  the  accurate 
tsbfervations  of  modern  philofophy  have  fuggeftcd 
fi>me  objedions  to  the  homogeneity  of  matter,  which 
without  further  difcoveries  it  will  not  be  eafy  to  fi- 
lence. 

Whatever  phenomena  may  appear  to  indicate  a 
tranfmutation  of  bodies,  or  a  change  of  one  fubftance 
into  another,  we  have  the  utmoft  reafon,  by  the  latefl 
and  beft  experiments,  to  believe  them  merely  the  ef- 
fcd  of  different  combinations.  Thus  the  converfioa 
of  water  and  air  into  a  folid.  fubftance,  fuch  as  the  body 
of  a  plant,  is  merely  an  apparent  converfiois  for  that 
folid  fubftance  may,  by  an  artificial  proccfs,  be  rcfolved 
again  into  water  and  air,  without  any  real  c!iange  iiL 
the  principles  or  elementary  particles  of  which  thofc 
fluids  are  compofcd:  and  the  formation  of  ftones,  and 
the  phenomena  of  petrifaftions,  are  accounted  for  upon 
much  eafier  principles  than  that  of  tranl'mutation.  On 
die  othar  hand,  the  utmoft  efforts  of  chcmiftry  have 

•  Earth  of  lime. 
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never  been  able  to  proceed  farther  in  the  analyfis  of 
bodies  than  to  reduce  them  to  a  few  principles,  which 
appear  eflencially  difiFerent  from  each  other,  and  which 
have  never  ytt  been  brought  to  a  more  fimpte  form. 
Thus  the  matter  of  fire,  or  light,  appears  totally  dif- 
ferent from  that  of  all  other  bodies ;  thus  the  acid  and 
alkaline  principles  can  never  be  brought  to  exhibit  the 
fame  properties ;  nor  can  even  the  different  fpccies  of 
earths  be  converted  into  the  fubftance  of  each  other. 

If  hypothetical  reafoning  was  to  be  admitted  on  this 
occafion,  it  would  probably  appear  more  agreeable  to 
the  analogy  of  nature,  to  llippofe  that  different  fub- 
fiances  are  formed  from  the  different  combinations  of 
a  few  fimple  principles  in  different  proportions,  than 
that  the  very  oppofite  qualities  of  fome  of  the  rarcft 
anfl  moft  fubtile  fluids,  fhould  depend  wholly  on  the 
different  form  or  modifiCAtion  of  the  extremely  minute 
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propofiqpn :  '  that  the  whole  globe  of  earth,  nay  that 
'^  all  the  known  bodies  in  the  univerfe  may,  as  (ar  as 

*  we  know,  be  compounded  of  no  greater  a  portion  of' 

*  ibUd  matter  than  might  be  reduced  into  a  globe  of 

*  one  inch  only  in  diameter,  and  even  lefs  * !' 

*  Pemberton's  View  of  Sir  I.  Kcwton's  PWlofophy,  356. 
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Chap.    II. 

OF    ELEMENT*  •. 

Ofisient  of  the  Axiaat — Uiw  Arrangtwunt. — EinmurMiM  ^Jhiftl 
Sni^aarti,  aitorJmg  Jo  tbt  mtvi.  Phil^oflij,-—'Airid  Su^m 
Earths.— Mti^. 


WHEN  we  take  a  general  furvey  of  nature,  wc 
fiod  that  notwithftanding  the  apparent  variety 
of  creatures,  with  which  the  untverfe  abounds,  every 
natural  body  which  has  hitherto  come  within  the  limits 
of  our  infpei5l:ion  may  be  reduced  into  a  few  diftin^ 
l(inds  of  matter:  and  though  we  probably  have  not  as 
yctdifcovered  the  ultimate  andmoft  fubtile  principles 
of  which  bodies  are  compounded  t  yet  we  appear  to  be 
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determined  jhat  water  as  well  as  air  is  a  compound 
fubftance  *. 

It  is,  therefore,  neceflary  to  adopt  -a  new  arrange- 
ment, though  it  is  more  than  probable  that  future  dif- 
coveries  may  render  it  in  fome  meafure  nugatory. 
Future  difcoveries  may  perhaps  demonftrate  that  many, 
if  not  moft,  of  the  following  fubftances  will  yet  admit 
of  fubdivifions ;  or  they  may  demonftrate  that  the  con- 
ftituent  principles  of  bodies  are  ftill  fewer.  They  m^y 
demonftrate  that  all  earths  have  originally  the  fame 
bafis,  and  are  only  altered  by  different  combinations 
with  vital  air  or  other  fubftances;  the  alkaline  falts 
may  be  in  reality  a  Ipecies  of  earth,  which  alfb  derives 
its  diftinguifliing  qualities  from  a  union  with  fome  fub- 
tilc  matter  in  a  certain  proportion,  Thefe,  however, 
are  points  on  which  we  have  at  prcfent  obtained  no 
experimental  evidence,  and  which  for  that  reafon  we 
are  not  authorized  to  afHrm. 

The  moft  funple  fubftances  hitherto  difcovercd  may 
be  refolved  into, 

1.  Fire,  heat,  or  caloric j  including  light  and  the 
eledlric  fluid. 

2.  The  bafis  of  pure,  vital,  or  dephlogifticatcd  air, 
the  oxygen  of  the  French  chemifts. 

3.  Hydrogen,  or  the  bafis  of  inflammable  air. 

4.  Azote,  or  the  bafis  of  nitrous  acid. 

5.  Sulphur,  the  bafis  of  vitriolic  acid. 

6.  Phofphorus,  the  bafis  of  phofphorlc  acid. 

•  I  ihall  not  pervlex  tlie  reader  with  the  exploJed  vlf.ons  of* 
chenii.lb  during  the  iail  two  ceuturicf,  with  their  f-lUgm  or  watry 
p  t'xiple,  their  mercury  or  aftive  and  rpiritoiis  principle,  thcii' 
ct-.^'dt  moiiuum,  ihciT  /p:runs  reclor,  and  a  ipianiiiy  of  urdefs  and 
aJhioll  unintelligib!e  jargon. 
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7,  Coal  *  or  Carboiii  the  bafis  of  Bxable  w. 

8.  The  unknown  radicals  of  the  muriatic^  fluoiic^ 
and  boracic  acids. 

9*  The  fixed  alkalis, 

10.  Earths,  ^ 

■ 

11.  Metals, 

The  different  earths  which  are  as  yet  known  to  pbU 
tofophers  arcj 

I .  Cajcareousj  or  earth  of  lime. 
'  a.  Siliciousj  or  earth  of  fUnts, 

3.  Ai^gillaceousj  or  clay, 

4.  Magnefia, 

5.  Barytesj  or  ponderous  earth. 

To  thefe  later  mineralogifts  have  addedj 

6.  The  Scottifhj  or  Stronthian  earth, 

7.  1(he  jargonic, 

8.  The  adamantine. 

Whether  all  or  ihoft  of  thefe  may  not  be  refolvable 
into  the  five  principal  earths  may  yet  be  doubted;  and 
thus  far  is  certain^  that  all  of  them  are  exceedingly 
fcarce :  the  ScQttifh  however  is  the  moft  common^ 

The  metals  again  are  fubdividcd  intOj 

1,  Arfenic. 

2.  Molibdena, 

3.  Nickel, 

4,  Cobalt, 

» 

*  More  propo'ly  charcoal^  for  our  co^nmon  pit-coal  is  a  bete* 
TO^neoQs  mafs,  containing  much  foreign,  matter*  as  may  be  feen 
Book  VI.  c.  37.  I  have  however  employed  the  generic  term 
€oaI,  becaufe  charcoal,  though  much  the  purefl  of  thefe  bodies,  it 

in  this  coantry  cQnfidered  not  as  a  natural  but  a  fitditioi^  fub« 
fiance. 

5*  Bifinuth^ 
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5.  Bifinuth. 

6.  Antimony^ 

•  7,  Zinc. 

8.  Tungftcin. 

*  ^.  Mangancfct 

10.  Tin» 

11.  Lead. 

12.  Iron. 

13.  Copper, 

14.  Mercury, 

15.  Silver. 

16.  Gold. 

* 

17.  Platina. 

To  this  lift  late  difcoveries  have  added  four  new 
femimetalsj  viz.  Uranite,  Sylvanlte,  Titanite,  and  Mc- 
flachanice. — But  of  their  nature  little  is  known:  and  it 
is  with  fome  hefitation  that  I  infert  their  nannes  in  the 
vocabulary  offimple  elements. 

In  the  prefcnt  ftate  of  natural  knowledge,  however, 
moft  of  the  above  may  be  confidered  as  diftinft  ele- 
mentary fubftances,  lince  they  are  found  to  be  un* 
changeable  or  unconvertible  into  other  fubftances, 
though  they  may  be^  and  generally  are,  combined  with 
others.  This  fadl,  was  it  not  for  the  advantage  of 
claf&fication,  would  therefore  oblige  us  to  admit  in  na- 
ture, inftcad  of  eleven,  at  leaft  forty  diflinft,  funple, 
And  elementary  fubftances. 


Chap, 
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Chap.     III. 


OF    THE    EXTENSION,   SOLIDITY.   AND 
DIVISIBILITY    OF    MATTER. 


£xrtlf/bi  tht  only  QaaVtty  fJialiaJ  u  Matter. — Salijitj,  lohat.—lij!- 
mtt  Divifibilily, — ^aimalnilir  impirteptlUe  l»  ear  Sot/iL—ExIrimt 

Rarity  0/ Lrglt—Ni-wlema;!  Para^Qx. 


J^XTENSIONh  a  property  Co  obviouny  effential 
■*— '  to  whatever  occupies  fpace,  that  it  is  accounted' 
the  firfl:  and  mod  indifpenfable  attribute  common  to 
all  matter.  It  Is  indeed  the  only  property  which  we 
can  pofitively  fay  is  eflential  to  matter,  fince  ali  the 
others  that  have  been  fpecified  are  to  be  underftood 
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aftnal  properties  of  matter,  we  ought,  I  apprehend,  to 
confine  ourfelvcs  to  the  teftimohy  of  our  ienies. 

How  improperly  the  idea  of  impenetrability  is  ap- 
plied to  any  bodies  which  we  are  acquainted  with,  is 
evident  from  the  aftoniihing  eafe  and  velocity  with 
which  the  eledric  fluid  paffes  through  the  denfeft  bo- 
dies, and  from  the  contmual  paflage  of  light  through 
a  variety  of  fubftances,  which  afibrd  to  our  fenfes  the 
moft  perfed  idea  of  folidity,  through  glafs,  and  dia- 
mond, and  other  precious  ftones:  the  focus  of  a  bum-- 
ing  mirror,  which  augments  the  denfity  of  the  fuffa 
rays  upwards  of  three  thoufand  times,  may  be  received 
in  glafs  or  water  without  producing  any  efFe^t :  even 
fiibftances  of  fenfible  bulk  and  folidity  can  exift  within 
fbc  pores  of  other  bodies.     Thus  quickfilver  exifts 
within  the  pores  of  either  filver  or  gold ;  in  faift  a  mix- 
ture of  mercury  and  filver  is  coofiderably  heavier  dian 
an  equal  bulk  of  cither  of  thofe  metals.     The  com- 
mon bell-metal  is  a  mixture  of  copper  and  tin ;  and 
though  the  latter  is  fpecifically  lighter  than  the  former^ 
yet  bell-metal  is  confiderably  heavier  than  an  equal 
bulk  of  copper  itfclf;  which  is  an  evident  proof  that 
the  particles  of  the  one  adtually  enter  into,  and  are  dc- 
pofited  in  the  pores  of  the  othen 

The  diviftbiliiy  of  matter  is  alfo  received  with  limi- 
tation by  thofe  who  contend  for  the  exiftence  of  atoms 
or  firft  principles  of  bodies;  fince,  if  their  exiftence  is 
admitted,  there  muft  neceffarily  be  fame  parts  or  por- 
tions of  matter  indivifible,  and  confequently  it  cannot 
be  admitted  as  a  property  inhci^nt  in  all  matter. 

The  human  faculties  are  loft  in  the  purfuit,  and 
the  human  underftanding  in  the  contemplation  cl  the 
aftual  divifibility  of  matter.  The  fmalleft  animalcula 
which  is  brought  within  our  notice  by  the  microfcope 
poflcflcs  organized  parts,  blood  and  other  fluiJs  wz- 
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ceSkrj  for  the  fupport  of  life,  jret  how  infinitely  re- . 
moved  are  thefc  from  our  infpeftion!  Some  idea, 
however,  may  be  formed  of  the  aftonifliing  power  of 
inaiter  in  this  refpc^,  from  inftances  which  are  fiir- 
nifhcd  by  all  the  moft  common  experiments  of  philo- 
'  fophy.  A  pound  of  even  fo  grofs  a  fubftancc  as  cot- 
ton, may  be  fpun  into  2  thread  upwards  of  one  hundred 
miles  in  length  •  ;  and  Mr.  Boyle  fpcaks  of  a  thread 
of  filk  300  yards  in  length,  which  weighed  no  more 
dun  three  grains  and  a  half.  This,  however,  is  ftifl 
fuipaHed  by  the  amazing  ductility  of  gold ;  (izteea 
ounces  of  which  would  completely  gild  a  wire  fuffi- 
cient  to  circumfcribc  the  whole  globe  of  the  caitb» 
though  that  quantity  of  the  metal  might  be  cont^ned 
in  a  cube  of  not  more  than  an  inch  and  a  quancr  ia 
diameter.  The  metallic  particles  are  yet  more  mi- 
OUtely  divided  in  the  acid  folutions,  A  fmall  piece 
of  the  fait  of  filver,  which  is  filver  already  divided 
and  united  to  the  nitrous  acid,  not  larger  than  a  com-< 
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dmes   greater  than   in  its  fluid  fornfi  ^.     A  particle 
of  light  has  been   eftimatedj  on  apparently  a  well 

coodu&ed   calculation,  at   c 

30,831,230,128,000  ot  a 

grain  f. 

We  fliall  indeed  ceafe  to  wonder  at  fuch  a  calcu- 
lation, when  we  confider  that  -by  means  of  this  fluid 
die  unparalleled  wonders  of  tlie  microfcopic  world  arc 
made  cognizable  to  our  fenfcs.  The  fcarf-fkin  of  the 
human  body  is  faid  to  be  compofed  of  minute  fcales 
refembling  thofc  of  fifties,  iwd  hundred  of  which  may 
be  covered  by  a  grain  of  fand ;  under  thefe  fcales  there 
lie  concealed  a  number  of  pores,  or  excretory  du6l:s> 
through  which  the  perfpirable  matter  is  fuppofed  to 
iflue,  and  one  hundred  and  twenty  of  fuch  pores  in  t 
direft  line  extend  to  only  one  tenth  of  an  inch.  If 
fuch  therefore  is  the  organization  of  the  human  body, 
what  fliall  we  think  of  the  organized  parts  of  thofc 
animals  which  are  themfelves  oiie  tbotifand  times  too 
fmall  to  afFcft  the  human  eye  without  the  aid  of  art  ? 
Animalculae,  however,  have  been  difcovered  nearly 
one  hundred  times  fmaller  than  thefe,  many  thoufands 
©f  which  may  dance  upon  the  point  of  a  fine  needle  : 
indeed  Lewenhoek  calculates  that  one  thoufand  mil- 
lion of  fuch  animalcula:  as  are  difcovered  in  common 
water  would  not  equal  in  magnitude  a  grain  of  com- 

•  This  fii^  may  at  an\  time  be  proved  by  an  eafy  experiment. 
Take  a  common  flafk,  and  let  it  be  cxaftly  weighed  ;  fill  it  with 
water,  and  then  let  it  be  weighed  again— after  the  water  is  emp- 
tied, there  uill  ncccffarily  be  a  little  moifture  adhering  to  the 
£(ies ;  put  the  fla/lc  before  a  fire  to  evaporate  the  moillure»  and 
when  the  whole  of  the  water  difappears,  clofe  the  flaflc,  and 
weigh  it  again,  and  you  will  then  have  the  weight,  and  confe- 
quendy  the  bulk  of  vapour,  compared  with  that  of  water. 

t  Boudoin  on  Light.  Memoirs  of  the  American  Acad.  Vol.  I. 
p.  1 98. 
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anon  fand.  Wtieo  therefore  we  confider  that  fudi 
aniinalculx  are  poflefied  of  organized  parts ;  a  bean, 
ftomach,  bow;elsj  mulcles,  tendons,  nerves,  glandsft&c. 
we  feem  to  approadi  in  idea  the  infinite  divifibificy  of 
matter  *. 

It  is^  on  the  other  band,  next  to  an  abfohite  cer,- 
taint^,  that  the  pacticks  of  the  hardefl  and  moft  cont* 
pa^  bodies  are  not  in  aftual  contact  with  each  othefj 
Cnce  all  fuch  bodies  arc  known  to  contraifb  with  cold  j 
shtch  could  not  be  the  cafe,  if  their  parts  were  already 
IS  dofc  as  they  could  be  to  each  other. 

It  would  be  foreign  to  the  defign  of  this  work  to 
enter  into  thofe  calculations  and  demonftrations  by 
which  Mathematicians  have  attempted  to  prove  how 
natter  may  be  divided  to  infinttjr.  Let  it  fuffice  to 
&y,  that  on  the  principles  which  have  been  advanced 
in  the  courfe  of  this  chapter,  the  fagacity  of  Newton 
has  dcmonftrated,  that  the  Icaft  portion  of  matter  may 
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matter  of  a  body  fo  framed  will  take  up  only  half  the 
(pace  occupied  by  the  body ;  and  if  each  conftituent 
particle  is  compoled  of  other  fmaller  particles,  ac-» 
cording  to, the  lame  rule  the  folid  parts  of  fuch  a 
body  will  be  but  a  fourth  part  of  its  bulk  i  if  everf 
one  of  theie  lefler  particles  again  are  compounded  in 
the  fame  manner,  the  folid  parts  of  the  whole  bod/ 
will  be  but  one  eighth  of  its  bulk  ;  and  thus  by  con- 
tinuing the  compoGtion,  the  folid  parts  of  the  bod/ 
may  be  made  to  bear  as  fmall  a  proporuon  to  the 
magnitude  of  the  whole  body  as  fhall  be  defired,  not-  ' 
widifianding  the  body  Ihall,  by  the  contiguity  of  its 
parts,  be  capable*  of  being  in  any  degree  folid  *• 
—When  thefe  &£b  are  confidered,  the  hypothelis  of 
die  fame  incomparable  philoibpher,  concerning  the 
finall  quanci^  of  folid  matter  contsdned  in  the  uni- 
verfe,  as  noticed  in  a  preceding  chapter,  appears  lefs 
incredible. 

•  Pcmbcrton's  View,  355. 
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Chap.    IV. 

OF   ATTRACTION    AND    REPULSION. 

fpue  Kind!  ef  AttretSien.—^Ciibffian-^Cpmbinalian—Cn^allizalitit 
txfialntd. — C.ra'uitatim—'Sp^dfic  Gfovity,  ivbai.-^Magmtic  and 
cUdrkal  Allrailhn. — Ri^ulfien. 

IT  has  been  found  by  experience,  that  all  matter,  of 
whatever  kind,  is  fubjc£t  ro  certain  general  laws, 
and  the  principal  of  thefe  are  attraiftion  and  rcpul- 
fion.  Five  different  kinds  of  attraftion  have  been 
enumerated  by  modern  phiJcfophers.  i .  The  at- 
iraftion  of  cohcfion ;  a.  Of  comhinatioh,  or,  as  it  is 
called  by  cliemifts,  eleflive  attraftion  ;  3.  Gravity ; 
4.  The  magnetic  attrafflion;  and,  5.  The  attraflion 
of  tleiflricity.  Whether  the  fame  principle  a£ts  in 
all  thefe  CafcSj  or  whether  each  of  thefe  effects  dc- 
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and  is  exemplified  by  a  variety  of  eafy  experiments* 
Two  leaden  balls,  having  each  a  fmooth  furface,  if 
ftrongly  comprefled  together,  will  cohere  almpll  as 
ftrongly  as  if  united  by  fuHon ;  and  even  two  plates 
of  glafs^  if  the  furfaces  are  even  and  dry,  will  require 
ibme  force  to  feparate  them  *.  By  the  fame  law  of 
nature,  the  particles  of  even  fluid  bodies,  in  which  the 
attradion  is  neceflarily  weaker  than  in  folid  iub- 
llancesj  indicate  a  difpofition  to  unite. 

The  drops  of  dew  that  appear  in  the  morning  on 
die  leaves  of  plants,  afiume  a  globular  form,  from  the 
mutual  attraction  between  the  particles  of  water* 
Small  portions  of  quickfilver,  when  brought  near  to 
each  other,  will  run  together,  and  aflume  the  fame 
globular  appearance.  Alfo,  by  the  fame  law,  a  veffel 
may  be  filled  with  water,  mercury,  or  any  other  fluid, 
above  the  brim,  and  the  fluid  will  be  obferved  to  rife 
in  a  convex  form. 

To  this  principle  we  may  very  properly  refer  what 
is  ufually  termed  capillary  attraction.  Thus,  if  a  fluid 
is  contained  in  a  veflel  not  full  to  the  brim,  it  will  al- 
ways be  attrafted  to  the  edges  of  the  veflTel,  and  will 
aflume  a  concave  form.  Thus,  alfo,  if  two  plates  of 
glafs,  at  a  fmall  diftance  from  each  other,  are  im- 
merfed  perpendicularly  in  water,  the  fluid  will  rife 
above  its  level  between  the  two  plates,  and  the  height 
to  which  it  rifcs  will  bear  a  certain  proportion  to  the 
diftance  of  the  plates.  A  capillary  tube  is  a  tube  with 
an  exceedingly  fmall  bore,  and  by  the  fame  law  which 
raifes  the  water  between  the  plates  of.  glafs,  a  fluid 
will  rife  to  a  confiderable  heighth  in  one  of  thefe 
tubes.  Both  thefe  experiments  will  anfwer  equally 
well  in  the  vacuum  of  an  air  pump,  which  proves  th^t 

♦  Sec  the  late  ingenious  Dr.  Enfield'*  Inftitutes  of  Natural  Phi- 
iofophy. 
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the  effect  is  not  owing  to  the  prcfiure  of  the  air.  In 
the  fame  manner,  alfo,  by  the  fame  law,  fluids  will 
afccnd  in  the  cavity  of  a  fponge,  in  the  interftices  of 
linen  cloth,  or  any  porous  body. 

II.  The  attraftion  of  coMBl^fATto^J,  or  chemical 
or  eleftivc  attraftion,  is  in  many  rcfpcds  analogous 
to  the  attraiftion  of  cohefion.  Like  the  latter,  it  fecms 
to  depend  on  the  minute  particles  of  bodies  being 
brought  nearly  into  contaft  with  each  other  ;  and  in- 
deed fo  nearly  alike  are  the  effc£ts  of  thefe  two  fpe- 
eies  of  aitraftion,  that  if  they  are  different  in  prin- 
ciple, it  is  difficult  to  fay  which  is  the  moil  elTcntial 
to  the  cohefion  and  foUdity  of  bodies  ",  Chemical 
ftttraflion  may  probably  be  no  other  than  the  attrac- 
tion of  cohefion  aifting  in  a  free  and  unrefifting  me- 
dium, fincc  its  only  diftinguifhing  chara(!rteriftic  is  the 
difpofition  which  bodies  in  Iblution  indicate  to  Onitc 
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The  fluid  will,  however,  remain  perfeflly  clear,  the 
particles  being  fo  extremely  minute,  that  the  rays  of 
light  will  fufitr  no  interruption  in  pafTing  through 
them.  If,  however,  to  this  folulion  of  filver  a  quan- 
tity trf  mercury  or  quickfilver  is  added,  the  aqua  fi)r- 
tis  will  be  attrafted  by  the  mercury,  and  die  filver  will 
be  precipitated,  or  thrown  to  the  bofrom  of  the  veflel 
in  which  the  fluid  is  contained  j  if,  again,  o^pper  is 
added,  it  will  aflTume  the  place  of  the  quickfilver,  and 
if  to  this  folmion  ofcoppcra  bright  piece  of  iron  (for 
ruft  would  exclude  the  acid  from  coming  in  contaft 
with  the  metal)  is  introduced,  the  acid  will  imme- 
diately quit  the  copper  and  leize  upon  the  iron,  a 
quantity  of  which  being  diflblved  in  the  fluid,  the 
copper  will  be  depofitcd  in  its  place  on  the  furface  of 
the  bar  of  iron  *.    The  iron  may  afterwards  be  dif- 

placed 

•  'This  experiment  explains  lous.ina  very  fatisfaaory  manner, 
'  the  nature  0\'  ■(kutran/muliil^oi!  ef  hen  inU  copper,  ivbich  travellers 
'  bave  been  (o  much  furpri/.i-'d  at.  Aj;rii;oU  fpeak*  of  wateri  in 
'  the  neighbourhood  of  Ne-tvjh/,  m  Hungary,  which  had  the  pro- 
'  p:iiy  of  tranfmuting  the  iroii  whicb  u  as  put  into  them  inio  cop- 
'  per  f.  In  the  year  1673,  eur  countryman.  Dr.  Brown,  viliccda 
'  lanious  copper  mine  at  Hcrrr.-Qrusiil,  about  feveo  Englifh  milcj 
'  from  Kiv^J'al;  he  informs  us  tbal  he  there  faw  twofprings,  called 
'  the  old  and  new  siimal,  which  turned  iron  inlo  copper.  The 
'  workmen  (hewed  him  a  curious  cup  made  of  thii  Iranfmuied 
'  iron .  it  was  gilt  with  go! J,  had  a  rich  piece  of  filver  ore  f^Ktn- 
niddle,  and  the  Ibllowing  infcripcioa  engraven  on  tlie 


■  outtade: 


■  lifin  rwort  ich,  kulfir  hia  ich, 
'  Siltjcr  trag  ich,  gold  btiickl  mkh. 

'  Ccpper  I  am,  but  iron  was  of  old, 
*  Silver  I  carry,  covered  am  with  gold  J. 
n  at  that  time,  he  fays,  eoniended  by  fomc,  that  there 
:al  tranfmutation  of  iron  into  copper,  but  that   the 

t   AgncFff.  L.  it.   p.  54-. 

J  Biown-J  Travdi,  (d.  16S;,  j.  69. 
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placed  by  the  addition  of  an  alkali.  This  fprdes  of 
actraction  is  called  combination,  beciufc  the  particks 
of  Di^'o  bodies  by  thole  means  become  fb  intimately 
uniud  or  combined,  that  they  cannot  be  feparated  but 
by  the  addition  of  a  third  body,  vrhich  has  a  grcitrr 
attradjon  for  one  of  the  component  bodies  that  the^ 
have  for  one  another,  and  it  is  called  elechve  anrac- 
traction  and  a£ntty,  from  the  fuperior  tendency  io 
fubftances  to  unite  with  certain  bodies  in  preference 
of  others.  In  all  cafes  t^  ele^ive  attraAion  it  is  ne- 
crflary,  that  at  leaft  one  of  the  bodies  fhould  be  in  a 
fluid  ftate. 

It  is  evident  that  all  folutions  mull  be  the  effect  of 
an  eleAive  attra&ion.  By/eluticn  I  mean  the  difper- 
fion  of  the  particles  of  a  folid  body  in  a  fiuidin  lb  equal 
a  manner,  that  the  compound  liquor  (hall  be  perfectly 
and  permanently  tranfparent.     In  this  cafe,  therefore. 
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will  be  rendered  in  fomc  degree  opake ;  but  if  com- 
mon fait,  or  blue  or  green  vitriol  is  added  to  water, 
the  fluid  will  ftill  remain  perfcftly  tranfparent,  though 
dnged  with  the  peculiar  colour  of  the  fait.  The  for- 
mer therefore  is  termed  a  mixture^  the  latter  ^Jolutim. 
When  a  fluid  has  received  fo  much  of  any  folid  body 
that  it  will  not  diflblve  a  particle  more,  it  is  laid  to  be 
Jaturated. 

The  marks  of  chemical  combination  in  bodies  have 
been  accurately  defined  by  a  correft  and  ingenious 
philofopher.  The  firft  is  a  Jpecific  gravity  exceeding 
that  of  the  beavieji  ingredients  of  the  compound.  Though 
he  properly  obferves,  it  does  not  neceflarily  follow, 
that  where  fuch  denfity  is  wanting  a  chemical  union 
docs  not  exift ;  fincfc  the  peculiar  ftrufture  of  the  com- 
pound, which  does  not  admit  water  into  its  vacuities, 
may  prevent  this  property  from  being  remarked  ;  or  a 
quantity  of  water  may  enter  into  a  compofition  natu- 
turally  heavier  than  water,  and  yet  cannot  be  always 
made  fenfible. 

Secondly,  Tranfparency  is  always  a  mark  of  che- 
mical combination.  Such  union,  however,  is  alfo 
fometimes  confident  with  opacity,  as  that  efFe6t  may 
fometimes  arife  from  a  mere  mechanical  arrange- 
ment of  parts,  from  the  interpofition  of  feme  mat- 
ter not  properly  combined,  or  from  too  great  thick - 
nefs. 

Thirdly,  Cryjlallization  proves  that  the  parts  have 
been  very  minutely  divided,  and  in  general  com- 
bined v/ith  the  mtrnftruum  (or  fluid  in  which  the  bo- 
dies have  been  dilTolved).  Other  fubftances,  how- 
ever, may  fometimes  intrude  themfelves  into  the  cry- 
ftallized  bodies,  though  not  chemically  combined  with 
them. 

Fourthly,  A  difficulty  of  difiblving  the  compound 

C  3  body 
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body  in  the  menftruutli)  or  fluid,  wtuch  U  a  pro- 
per folvent  for  one  or  both  of  the  component  fub- 
ftances  •. 

It  may  be  proper,  before  the  conclufion  of  this  fcc- 
tion,  to  add  a  few  words  concerning  one  of  the  moft 
curious  effcfts  of  the  aitraftion  of  combination,  name- 
ly, cryJialUziition.  The  word  cryftal  is  derived  from 
oyos  (froft),  a:ad_fiell6  (to  contradl)  i  it  was  originally 
confined  to  a  particular  diaphanous  (lone  redmbling 
clear  ice,  and  was  probably  afterwards  extended  to  all 
bodies  which  were  tranfparent,  and  had  their  particles 
difpoil'd  in  a  regular  manner,  particularly  the  dificrcnc 
fpecies  of  falts.  It  is  now  exprcflive  of  that  regular 
order  or  difpofition,  in  which  the  particles  of  inert 
botlies  arrange  themfelves  on  pafling  from  a  fluid  to  a 
folid  ftatc.  This  difpofinon  of  the  particles  is,  how- 
ever, by  no  means  the  fame  in  all  fubftances,  but  va- 
ries almoil  infinitely  in  different  bodies.     Thus  com- 
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Ic  would  perhaps  be  no  rafh  aflerdoh  to  fay,  that 
the  whole  mineral  kingdom  appears  in  a  cryftallized 
ftatc;  and. this  adds  gready  to  the  probability  that 
chemical  combination  or  affinity  is  the  great  principle 
which  has  a£ted  in  the  formation  of  all  bodies.  The 
caufes  of  this  peculiar  diflribution  of  parts  are  not  to 
be  demonflratedj  and  on  fo  abftrufe  a  fubjedb^  all  thaf: 
we  are  able  to  pt*rform  is  to  produce  fome  probable 
conjectures. 

The  old  and  fanciful  chemifts  and  alchemifts,  who 
remarked  the  curious  figures  which  faline  fubftances 
aflumed  during  their  cryitallizationj  imagined  that  the 
ialts  ftiU  retained  the  vegetative  powers  of  the  plants 
from  which  they  were  produced,  and  evpn  thought 

*  the  water  wiH  take  up  no  more  faltpetre,  then  he  may  conclude 

*  that  it  is  fituratcd :  let  it  ftand  without  being  ftirred>  till  it 

*  grows  cold.     As  it  cools,  a  great  many  cryftals,  all  of  the  fame 

*  (hape,  may  be  feen  ftiooting  out  from  the  fides  and  bottom  of 

*  the  bafon,  and  increafing  in  fize  till  the  fo^udon  becomes  quite 

*  cold.     When  no  more  cryftals  can  be  formed  by  that  degree  of 
'  cold  which  prevails  in  the  apartment  where  the  experiment  is 

*  made,  pour  the  liquor  from  the  folid  cryftals ;  this  liquor  is  ftill 

*  faturated  with  faltpetre;  and  in  order  to  mak:  it  part  with  more 
'  of  its  faltpetre,  fome  of  the  water  which  keeps  it  diftblved  muH 

*  be  evaporated :  upon  the  taking  away  a  part  of  the  water,  a 
«  correfpondent  part  of  the  faltpetre  lofes  the  power  by  which  it 

*  is  fufpendtd,  and  ought,  upon  that  prefumption,  inftantly  to  fall 

*  to  thj  bottom :  yet  it  muft  be  remembered,  that  the  water  from 

*  its   intreafed  heat  during  the  evaporation,  is  able  to  fupport 

*  more  faltpetre  tnan  if  it  was  cold;  and  therefore  the  faltpetre 
'  will  not  b-^gin  to  cryftallize,  notwithftanding  the  lofs  of  part  of 

*  its  menllraum,  till  the  remainder  begins  to  cool.     By  repetition 

'  of  this  prcc'jfs  uf  evaporation  and  cryftallization,  we  may  obtain    , 
«  all  the  faltpetre  which  was  at  firft  dilFolved,  as  no  portion  of  it 
'  can  be  evaporatv'd  with  that  degree  of  heat  which  is  ufed  in 
'  evaporating  the  water.' 

Waifon's  Chem.  Eff.  p.  90  to  92. 

C  4  they 
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they  could  obfcrve  tbe  form  of  die  ^MtA  io  die  cry- 
ftallized  mailes.  Later  philofophers  have  afcribed  to 
the  primary  parts  of  bodies  a  certain  yn^extj  which 
they  call  polarity  (as  analo^njs  to  that  property  of  the 
magnetic  needle)  and  which  dlfpofes  them  to  flioot  out 
in  certain  direAions  *.  A  more  probable  opiiuon  ap- 
pears 10  be>  that  the  minute  particles  of  each  cryflal- 
lizing  body  are  of  fuch  a  form  that  the  fides>  which 
approach  in  contact}  difpofc  them  in  a  particular  di- 
reftion. 

From  this  regular  arrangement  of  the  parts  it  refults 
'  that  homogeneous  bodies  poflcis  always  an  equal  den- 
fity  in  all  their  parts ;  and  in  moft  cafes,  if  nature  is 
interrupted  in  the  procefe,  the  concrete  will  be  imper- 
feftly  formed.  So  nice  and  critical  is  the  arrange- 
ment of  the  parts  in  fonorous  bodies,  that  it  is  faid  the 
fmalleft  vibration  of  the  air  occurring  during  the  ope- 
ration of  cafting  a  bell,  or  radier  while  the  metal  is 


1^ 
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gate  of  matter,  is  fuppofed  to  dcftroy  the  cffcft  of  this 
attraftion  between  fmaller  bodies^  by  forcibly  compd* 
£ng  diem  to  itfelf.  The  attra£tion  of  mountains^  how* 
ever,  upon  the  balls  of  pendulums  has  been  found,  bf 
itpcated  obfervations,  to  be  very  confiderable  *. 

The  efficient  caufe  of  this  fpecies  of  attra6Hon  is  as 
much  a  fecret  as  all  the  other  great  principles  of  na- 
ture. Some  philofophers  have  fuppofed  gravity  to  be 
one  of  the  inherent  properties  of  matter ;  others  have 
afcribed  it  to  the  agency  of  a  fubcile  Buid ;  while  others, 
with  more  modefty,  and  probably  with  more  truth, 
have  had  recourfe  to  the  immediate  agency  and  inter-- 
pofidon  of  the  divine  power. 

We  are  generally  on  fure  ground  when  we  defcribe 
cffcds.  Ignorant  as  we  neceflarily  are  of  the .  caufes 
or  inftruments  by  which  the  fupreme  governor  of  the 
univcrfe  effefts  his  purpofes,  an  attentive  obfervarion 
will  commonly  furnilh  us  with  the  obvious  mode  in 
which  they  generally  take  place.  What  philofophers 
term  the  laws  of  nature,  are  no  other  than  the  modes 
or  forms  in  which  her  operations  are  ufually  efFefted ; 
and  this  is  precifely  the  cafe  with  what  are  called  the 
laws  or  properties  of  gravitation. 

Firft,  It  appears  that  the  gravitating  force  being 
proportioned  always  to  the  quantity  of  matter,  all  bo- 
dies gravitate  from  equal  diftanccs  with  equal  velocity, 
except  prevented  or  impeded  by  feme  refilling  me- 
dium. Thus,  though  a  guinea  and  a  feather  will  not 
fall  to  the  ground  with  equal  velocity  in  the  open  air, 
becaufe  of  the  refiftance  of  that  fluid ;  yet  if  the  air  by 
any  means  is  removed,  as  in  the  vacuum  of  an  air 
pump,  they  appear  to  fall  at  the  very  fame  inftant  of 
time:    for  though  the   guinea  contains  confiderably 

•  Nicholfon'8  Intrpd.  to  NaU  Phil.  V.  i.  p.  ^6. 

more 
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more  of  folid  matter  than  die  feather,  and  confequent- 
If  requires  a  more  conQderable  force  to  put  it  in  mo- 
dodi  yet  it  appears  that  the  attradive  power  being 
proportioned  to  the  quantity  of  matter,  its  velocity  is 
equal  to  that  of  a  body  which  requires  kfs  force  to  put 
it  in  motion. 

Secondly,  The  attradlive  force  of"  bodies  is  recipro- 
cally as  the  fquarcs  of  the  diftances.  Thus,  if  a  body 
is  of  the  weight  of  one  hundred  pounds  at  the  dillance 
of  ten  diameters  of  the  earth,  at  half  that  dillance  it 
would  have  four  times  that  weight,  or  the  force  of  gra- 
vity would  be  exerted  upon  it  in  a  quadruple  ratio, 
and  fo  in  proportion  as  it  approaches  the  body  of  the 
earth. 

It  would  perhaps  have  been  more  correft  to  have 
^ken  of  what  is  commonly  called  Jpecific  gravity  in, 
treating  of  the  denfitiirs  or  poroficy  of  bodies,  but  the 
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fubftances  that  may  be  eaGly  reduced  zo  the  ^me  bulk 
or  form  may  ea£ly  be  weighed  and  compared.  -  Bf 
wd^ung  accurately  a  deteiminace  quantity  of  any  flutd,- 
an  ounce  forinftancc,in  a  phial,  and  marking  precilelfi 
the  fpace'which  it  occupies  in  the  phial,  the  weight  of 
die  ^nrK  quantity  of  any  other  fluid  may  eaflly  be  had 
and  compared  with  the  former. 

The  fpccific  gravity  of  bodies  which  are  not,  nor 
can  eafily  be  reduced  to  an  equal  bulk,  is  not  to  be 
<^>taioed  by  any  method  equally  obvious  to  unphitofb- 
phicat  perlbns.  A  method,  however,  has  been  invent- 
ed for  determining  the  fpeci^c  gravities  of  folid  bodies, 
whatever  their  figure  or  dimensions.  As  it  is  an  ob- 
vioxis  principle,  that  every  body  whai  immerfcd  in  a 
fiuid  mu(t  dttpkce  a  quantity  of  the  Buid  equal  to  its 
own  bulk,  and  the  rcfiftancc  which  it  meets  with  from 
the  fluid  will  be  found  cxaftly  equivalent  to  the  weight 
of  the  fluid  fo  difplaccrd  ;  hence  if  any  fluid,  as  water 
for  inftance,  is  taken  as  the  ftandard  of  comparifon,  it 
will  be  eafy  to  determine  tlie  fpecific  gravity  of  dif- 
ferent folids  by  weighing  them  firft  accurately  in  air, 
and  afterwards  weighing  them  in  water,  and  comparing 
their  lofs  of  weight  in  tiiis  latter  fluid,  which  will  be 
in  exait  proportion  to  the  fpace  which  they  occupy. 
To  make  this  clear  by  an  exjicriment;  fuppofe  it  was 
neccffary  to  determine  the  fpecific  gravities  of  any  two 
metals,  lead  and  tin  for  inftance,  I  take  a  certain  quan- 
tiiy  of  the  fornitT,  and  weighing  it  carefully  in  air,  I 
find  its  weight  amounts  to  thirty-four  ounces;  on 
weighing  it  again  in  water,  I  find  it  weighs  but  thirty- 
one  ounces,  that  is,  it  has  loft  three  ounces  of  its 
weight,  or  in  other  words,  the  fame  bulk  of  water 
Would  weigh  three  ounces  j  the  fpecilic  gravity  of  lead 
is  therefore  to  that  of  water  as  34  to  3  or  as  1 1  -)-  to  1. 
On  weighing  a  certain  quantity  of  tin,  I  find  ag.iin  that 

t  ,         !■ 
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it  amounts  to  fifteen  ounces,  and  on  weighing  it  in 
water  it  appears  that  it  has  loft  two  ounces  of  its 
weight.  The  fpccific  gravity  of  tin  is  tlicrefore  to 
that  of  water  as  1 5  to  a,  or  as  7  ';  to  i ,  confeqiiently 
the  comparative  gravities  of  the  two  metals  are  1 1  -J 
toy  k*. 

In  the  common  tables  of  fpccific  gravities,  the 
weight  of  water  is  eOimated  at  i,  and  that  of  other 
fubftances  is  exhibited  in  the  fame  ratio.  To  deter- 
termine  therefore  the  fpccific  gravity  of  any  fubftancc 
heavier  than  water,  weigb  any  given  quantity  of  that 
fubftance  in  air  in  a  common  balance,  and  afterwards 
weigh  it  in  water,  carefully  noting  its  lols  of  weight; 
divide  the  whole  abfolute  gravity,  or  weight  in  air  of 
the  fubftance,  by  its  lofs  of  weight  in  water,  and  you 
will  have  its  fpccific  gravity. 

IV".  The  attraftion  of  magn  etism  only  differs  from 
that  of  gravity  iri  its  operations  being  limited  to  par- 
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cultar  fpecies  of  attradion  will  be  more  amply  treated 
of  in  a  fucceeding  part  of  die  work. 

There  is  a  property  fuppofed  to  be  incidental  to 
matter,  which  is  oppoQte  to  this  of  attraftion,  and 
which  is  therefore  denominated  repulsion.     It  is  a 
maxim  of  the  Newtonian  philofbphy,  that  where  the 
fphere,  or  power  of  attraftion,  terminates,  that  of  rc- 
pulQon  begins.  In  the  inflance  which  has  been  already 
adduced  of  the  round  drops  of  dew  upon  the  leaves  of 
plants^  it  is  fuppofed  not  only  that  there  exifts  an  at- 
tra^vjc  force  between  the  particles  of  the  fluid,  but  a 
rcpulfive  force  between  them  and  the  leaf  on  which 
dicy  are  fufpended.     That  the  drops  are  not  in  adtual 
contad  with  the  leaf  is  evident  from  their  white  or 
pearly  appearance;  for  this  appearance  refults  from 
the  copious  refleftion  of  white  liglit  from  the  flattened 
part  of  the  furface  contiguous  to  the  plant;  and  it  is 
well  known  that  this  cfFeft  could  not  take  place,  un- 
lefs  there  was  a  real  interval  between  the  under  furface 
of  the  drop,  and  the  contiguous  furface  of  the  plant*. 
The  faft  is  alfo  evident  from  another  circumftance ; 
the  drop  is  not  found  to  have  the  fmalleft  adhefion  to 
the  leaf,  but  rolls  oflT  in  a  compact  body  with  the  great- 
eft  eafe,  which  it  could  not  do  if  the  fluid  was  in  aftual 
contaft  with  the  leaf;  or  if  there  fubfift:ed  any  degree 
of  attraftion  between  them. 

In  the  fame  manner  needles  or  other  light  metallic 
bodies  will  fwim  on  the  furface  of  a  fluid.  Flies  walk 
upon  water,  and  oil  obftinately  refufes  to  mix  with 
that  and  other  fluids.  Henca  the  feathers  of  water 
fowl,  which  are  covered  with  a  thin  coating  of  fubtilc 
oil,  actually  repel  the  furrounding  water. 

•  Pricllley'i  Optics,  p.  454. 

This 
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This  principle  of  repulfion  has,  however,  been  dif^ 
puted  by  fome  late  pliiiolbphers  ;  and  all  thefe  effei^ 
have  been  accounted  for  by  them,  by  fuppofing,  not 
that  there  exifts  a  poficive  principle  of  repulfion  in  the 
■water,  the  oil,  &c.  but  that  the  attraftion  of  the  leaf, 
of  the  water,  &c.  for  the  contiguous  bodies,  is  not  fuf- 
ficietit  to  dcftroy  the  attradlion  which  the  particles  of 
homogeneous  fluids  pofTefs  for  each  other. 

The  repulfion  of  magnetifin  and  ele£tricity,  will  he 
treated  of  in  thofe  parts  of  the  work  which  arc  appro- 
priated to  theie  fubjedts. 


.^' 
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C  H  A  P.      V. 

OF    MOTION    AND    REST. 

Newt^moM  Theory  •  of  M-^tion  and  Refl,  —  Vis  inert i^e,  —  Laws  ef 

Motion, 


BESIDES  the  principles  of  gravitation  and  rc- 
pulfion^  there  are  other  laws  to  \yhich  all  matteif 
in  certain  circumltances  appears  to  be  fubjed;  thefe 
arc  termed  by  modern  philofophers  the  laivs  ofmotim^ 
fince  they  relate  to  that  change  of  place  or  fituaiion 
of  bodies  which  is  denominated  tnotion,  to  the  force 
which  is  neceffary  to  this  effed:,  and  the  velocity  which 
is  given  to  moving  bodies  by  the  application  of  this 
force  or  power. 

An  attentive  and  judicious  obfervation  of  the  ufual 
courfe  of  nature,  enabled  Sir  Ifaac  Newton  to  reduce 
the  general  principles  or  laws  of  motion  to  the  three 
following  axioms.     There  appears  little  necelTity  to 
illuftrate  them  by  particular  inftances,  fince  they  arc 
confirmed  by  confti^nc  and  univerfal  experience;  and 
however  the  application  of  thefe  principles  to  the  mo- 
tions of  the  heavenly  bodies,  or  to  thofe  depaitments 
of  nature  which  are  cut  of  the  reach  of  our  obferva- 
tion, may  be  contefted,  their  truth  and  utility,  with 
refpeft  at  leaft  to  thofe  bodies  with  which  we  are  bed 
acquainted  and  have  the  mod  intimate  connexion,  will 
fcarcely  admit  of  difpucc. 

I.  All  bodies  are  perfeclly  indifferent  to  motion  and 
reft.     In  other  words,  a  body,  if  once  at  reft,  v.  ill  na- 
turally 


ja  Lams  of  Motion.  [Book  I* 

ttindly  remain  fo,  unlefs  difturbed  by  fome  power  aft- 
ing  upon  it ;  and  a  body  in  morion  will  continue  that 
motion  in  the  lame  direction,  and  with  the  fame  ve- 
locity, unlefs  (lopped  or  impeded  by  fome  external 
Mufe  *. 

The  firft  part  of  this  propofmon  is  evident  from 
every  part  of  nature,  fincc  no  part  or  portion  of ,  in- 
animate matter  appears  capable  of  giving  itfelf  any 
degree  of  motion.  The  latter  part  of  the  propofition, 
namely,  that  a  body  will  continue  its  motion  for  ever, 
tinlefs  prevented  by  external  force,  it  is  not  fo  cafy  to 
illuftrate  by  experiment,  Hnce  we  are  not  able  to  pro- 
duce any  fpecies  of  motion  which  is  not  in  Ibmc  de- 
gree counterafted  by  the  force  of  gravitation,  or  hy 
fome  refifting  medium.  The  conclufion,  however, 
appears  to  be  fairly  drawn,  (ince  the  Icfs  the  obllruc- 
tion  which  is  oppofed  to  any  body  in  motion,  the  lon- 
ger the  motion  continues;  thus  a  ball  will  continue 
longer  in  motion  on  a  fmooth  than  on  an  uneven  fur- 
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in  its  motion  as  to  enable  it  to  pafs  in  one  hour  the 
length  of  one  dioufand  yards,  would  give  to  another 
body,  half  as  great  as  the  former,  twice  the  degree  of 
velocity,  and  would  enable  it  to  pafs  in  the  fame  time 
the  length  of  two  thoufand  yards  *.  Hence  the  quan- 
tity of  motion  is  always  eftimated  by  the  fwiftnefs  of 
ihc  motion,  and  the  quantity  of  matter  which  is  moved. 
If  A  and  B,  bodies  of  equal  fize,  move  with  equal  ve- 
locity>  their  quantity  of  motion  is  equal;  but  if  A 
contains  twice  as  much  folid  matter  as  B,  and  moves 
equally  fwift,  it  pofleffcs  a  double  quantity  of  mo- 
tion t- 

It  follows  evidently  from  the  fame  law,  that  if  a 
new  force  is  imprefled  upon  a  body  in  motion,  in  the 
direftion  in  which  it  moves,  its  motion-  will  always  be 
irvcreafcd  proportionably  to  the  acceflion  offeree,  how- 
ever frequently  repeated. 

It  follows  aifo,  and  may  be  proved  by  a  very  eafy 
experiment,  that  if  a  new  force  is  imprefled  upon  a 
body  not  in  the  diredion  in  which  it  moves,  but  in  an 
oblique  direftion,  the  body  will  take  a  direftion  nei- 
ther exaftly  the  fame  as  that  in  v/hich  it  was  proceed- 
ing, nor  yet  in  the  direftion  of  the  new  force  which  is 
ioiprcflred  upon  it,  but  a  dircclioii  between  both.    On 
this  is  grounded  the  cotriiTionly  received  opinion  con- 
cerning the  motion  of  the  heavenly  bodies.    The  cen- 
trifugal force  is  that  which  is  fijppofcd  to  have  been 
imprciTed    upon    them   at   their   firll   uTmation,   and 
v/hich  would  carry  them  forward  in  a  direft  ]»nc;  this 
is  counteracflcd  by  the  force  of  gnivitiirion  (or  centri- 
petal force)  which  always  inclines  theiVi  to  thr.t  body 
round  which  they  revolve ;  the  confeqiicnce  of  thefc 
two  forces  acting  in  diireient  directions  is,  that  the 

•   Pcmberion's  View,  p.  29,  36. 

t  Elements  ofNat.  Phi!,  by  Mr.  Locke,  chap.  I. 

Vol.  L  D  bodies 
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bodies  al^«9ys  move  in  a  curve,  or  orbit,  which  is  more 
or  lei's  elliptical  as  one  of  thefe  forces  happens  to  be 
predominant. 

III.  The  third  law  is,  that  re-aftion  is  always  equal 
to  aftion  *.  Ir  plain  terms,  the  refiftance  of  a  bodf 
at  reft,  which  is  adted  or  prefled  upon,  adts  againft  a 
moving  body  with  a  certain  degree  of  power,  and  pro- 
ducers the  fame  cffefts  as  would  have  been  produced 
by  i  certain  degree  of  adive  force  exerted  in  a  direc*  " 
lion  contrary  to  that  of  the  moving  body.  Hence  it 
follows,  that  any  one  body  afting  upon  mother  ai^uallf 
lofcs  as  much  force  as  it  communicates,  as  will  be  evi- 
dent, if  with  a  fmall  bullet  fufpended  from  a  fliing  wc 
ftrike  another  bullet  which  is  at  reft,  or  from  oblenr- 
ing  a  ball  in  motion  on  a  billiard- table  ftrike  another 
which  is  at  reft  on  the  table ;  in  bofh  which  cafes  the 
flriking  body  will  loft  half  its  quantity  of  motion,  and 
that  quantltv  of  its  motion  which  it  lofes  will  be  com- 
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C  h  A  p.     VI. 

GF    MAGNETISM. 

Of  matural  and  artificial  Magnets. '-^Magnetic  Ponvers.-^^Attra^ion, 
^*'Refulfi6n,''-r Polarity, '^^Declination. — 'Dipping  of  the  Magnetic 
NetdUj-'^Communication  of  the  Magnetic  Po'wer, 

TH  E  properties  of  the  mignet  are  illufirative  of 
fo  many  principles  and  laws  of  nature,  that 
tfaougb^  perhaps,  hot  ftriftly  in  order,  I  have  deter- 
mined to  introduce  the  fubjeft  before  the  conclufion  of 
this  preliminary  book ;  as  fome  6ccafions  may  fhordy 
occur,  when  a  reference  to  this  topic  rtiay  probably  be 
ufcfiil,  if  not  abfolutely  neceflary. 

It  is  well  known  that  every  magnet  is  a  ferrugineous 
body,  and  that  its  attraftive  force  is  Confined  in  a  great 
mcafure  to  ferrugineous  fobflances.  Magnets  are  of 
two  kinds,  natural  and  artificial.  The  natural  mag- 
net or  loadftone  *,  is  a  bog  ore  of  iron ;  artificial  mag- 
nets are  formed  either  by  being  touched  with  a  natural 
magnet,  or  by  other  difFereht  proceflls,  which  will  prc- 
fcntly  be  explained. 

The  properly  magnetic  ores  are  calciform  (rcfem- 
bling  a  calx  dr  cinder)  and  are  moftly  of  a  dull 
brownifti  blatrkf.  There  are  rcddlQi  magnets  found 
in  Arabia;  but  mod  of  thofe  in  Europe  rcfc-mblc 
wrought  iron  in  colour.  Their  hardncfs  is  jiift  fuffi- 
cicnt  to  afford  fparks  with  a  fteel,  and  they  are  with 
difficulty  attacked  by  a  file.    They  differ  confiderably 

•  Load  (Sax.)  or  Icidlng  Rone,  probably  from  its  being  a  guide 
•to  mariners. — Adami  on  Mag,  p.  377. 

f  Kirwan^s  Min.— and  Cavallo  on  Magnetifui. 

]^  a  in 
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in  fpccific  gravity,  and  feem  to  contain  feveral  fub- 
ftances  beftdes  iron  in  their  compofuion,  fuch  as  argil- 
laceous and  rUiceous  earth.  Mr.  Kirwan  is  of  opi- 
nion that  fiilphur  enters  into  their  fubftance,  as  the  ore 
fmells  of  it  when  heated  red  hot :  probably,  alfo,  they 
may  fometimes  cont^n  nickel,  as  that  metal,  when 
purified  to  a  certain  degree,  acquires<hc  properties  of 
the  magnet. 

Natural  magnets  are  found  more  or  Icfs  in  almoil 
every  iron-mine,  of  different  fliapes,  and  of  different 
fizes.  Some  old  writers  mention  magnets  that  would 
fwim  on  water*;  thefe  were  probably  fome  lig^C, 
fpongy,  volcanic  fubflanccs,  impregnated  with  iron. 
In  Virginia  there  is  a  magnetic  fand,  which  contains 
about  one  half  iron.  Tbofc  magnets  which  have  the 
fined  grain  pofTefs  the  magnetic  virtue  in  the  higheft 
perfcftion,  and  retain  it  longer  than  any  other  f . 

The  great  and  well-known  properties  of  ihc  mag- 
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One  magnet  attxadts  another  magnet  in  contadl^ 
vith  lefs  force  than  it  attracts  iron ;  but  the  attradion 
between  them  begins  at  a  much  greater  diilance  than 
between  the  magnet  and  iron  alone. 

As  iron  is  difFufed  in .  greater  or  lefs  quantities 
through  almoft  all  the  different  bodies  of  which  the 
univerfe  is  compofed,  it  is  eafy  to  fuppofe  that  the 
natural  bodies  which  are  fubjedt  to  the  magnetic  at- 
tmStion  are  very  numerous.  The  perfcdt  metals, 
gold,  (liver,  and  platina,  as  well  as  lead  and  tin,  are 
however  total  exceptions ;  though  their  calces  are  a 
lirk  attrafted.  Animal  and  vegetable  fubftances  alfo, 
though  they  are  known  to  contain  fmall  portions  of 
iron,  fcldom  exhibit  any  difpofition  to  be  attrafted 
before  combuftion  *  j  though  it  is  afferted  chat  moft 
fubftances  may  be  rendered  magnetic  in  fome  degree 
by  being  expofed  to  the  adtion  of  fire. 

Iron  is  attraded  with  different  degrees  of  force, 
according  to  the  different  modes  in  which  it  exifts. 
It  is,  however,  in  no  ftate  quite  infenfible  to  the 
magnetic  power,  even  in  the  pureft  calx,  or  in  a 
ftate  of  folution.  Soft  iron  is  the  moft  fubjeft  to  a 
forcible  attradtion  i  fteel  is  lefs  fo  than  iron,  efpecially 
when  hardened,  and  the  calces  of  iron  in  different 
degrees  f. 

Muichenbrock,  by  a  fcries  of  experiments,  endea- 
voured to  afcertain  the  force  with  which  the  mag- 
net attrafts  at  different  diftances.  He  fufpended  a 
cylindrical  magnet,  1  inches  long  and  16  drams  in 
weight,  to  one  fcale  of  an  accurate  balance,  and  under 
it  he  placed  a  cylinder  of  iron  of  the  fame  fliape  and 
bulk.  The  following  is  the  force  with  which  it  at- 
trafted  at  different  diftances,  eftimated  by  the  number 
pf  grains  in  the  oppofite  fcale. 

•  Cav.  on  Mag.  f  Ibid. 
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This  experiment  would  perhaps  have  been  mort) 
Intelligible,  if  it  had  been  previoufly  remarked  rhat 
the  attraftion  between  the  magnet  and  the  iron  is 
always  fuppofed  to  be  mutual.  If  a  rnagnel  and  % 
piece  of  iron  are  placed  fo  as  to  float  on  the  furfacc 
of  water,  the  magnet  will  approach  the  iron,  as  well 
as  the  iron  die  magnet  -,  or  if  either  of  them  are  kept 
fteadv,  the  other  will  approach  towards  it  *, 

Of  natural  magnets  the  fmaller  polTefs  a  greater  at- 
traftive  power,  in  proportion  to  their  fize,  than  the 
lar^r.     There   have    been  natural  magnets    of  not 
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the  impure  part  will  rather  obftrufl:  the  adion  of  the 
other  ♦. 

The  power  of  magnets  is  not  at  all  times  equally 
aftive  ;  they  will  at  one  time  attraft  at  a  much  greater 
diftance  than  at  others.  To  what  this  variation  is 
owing,  is  impoilible  to  decide,  while  we  remain  fo  per- 
feftly  ignorant  as  we  are  of  the  caufts  of  all  the  mag- 
netic phenomena :  probably  it  may  depend  upon  the 
temperature  of  tlie  ftone,  as  the  magnetic  power  is 
always  diminiflied  by  heat. 

There  is  in  magnets  a  natural  power  of  repulfion, 

as  well  as  of  attradtion.     Two  magnetic  bars,  for  in- 

ftance,  will  attraft  each  other  if  the  two  extremities 

or  poles^    which   correljx>nd   in   each,    are  brought 

within  the  fphere  of  attraftion  ;  but  if  the  extremities 

which  do  not  correfpond  arc  brought  into  contaft, 

they  will  be  mutually  repelled  f.     This  circumftance 

will  be  better  underftood  when   the  polarity  of  the 

magnet  has  been  properly  explained.     The  power  of 

repulfion  is  fuppofed  by  fome  experlmcntalifts  to  be 

weaker  than  that  of  attraftion. 

II.  The  fecond  diftinguifliing  property  of  the  mag- 
net, is  what  is  termed  its  polarity.     In  plain  terms, 
if  a  magnet  is  placed  in  fuch  a  fituation  that   it  (hall 
have  liberty  to  aflTume  that  dircdlion  which  is  mod  na- 
rural  to'itf  for  inftance,  if  it  is  made  to  float  on  water 
upon  a  piece  of  wood  or  cork,  if  fiifpcndeJ  by  a  (len- 
der ftring,  or  flipported  by  a  pivot,  as  is  the  needle 
in  the  common  mariner's  compafs,  it  will  difpole  itfelf 
longitudinally  nearly  in  the  plane  of  the  meridian,  that 
is,  one  extremity  towards  the  noith  pole  of  the  earth, 
and  the  other  towards  the  fouth.     The  two  extremi- 
ties which  corrcTpond  to  the  poles  of  the  earth  arc 

•  Cav.  on  Mag.  p.  ^j.  f  Adams  on  Mag.  p.  3^9' 

D  4  called 


4©  Polarity  of  Magnets.  [Book  I. 

called  tJie  poles  of  tht-  magnet :  and  at  thefc  extremi- 
ties the  magnetic  virtues  fecni  to  exill:  in  their  great- 
eft  force,  as  a  magnet  will  fupport  a  much  more  con- 
fiderable  weight  near  the  poles  than  at  any  other 
fart  •. 

This  property  in  the  magnet  has  proved  the  bafis 
of  an  invention  the  moft  ufeful  to  navigation  that  hu- 
man fagacity  ever  difcovered  ;  as  before  this  infallible 
guide  was  enlifted  in  the  fervice  of  the  mariner,  the 
moft  adventurous  pilot  did  not  prefume  to  truft  him- 
felf  out  of  the  fight  of  land  ;  confequencly  commerce 
is  much  facilitated  by  the  difcovcry,  and  fhipwreck  is 
a  much  lefs  frequent  calamity.  Jt  was  not  till  the 
thirteenth  century  that  this  circumftance  was  known. 
Authors  arc  generally  agreed  at  prefent,  diat  a  Nea- 
politan, of  die  name  of  John  de  Gioja,  if  not  the  in- 
ventor of  the  mariner's  compafs,  was  at  Icaft  the  firft 
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die  fame  principles,  a  magnet  is  cue  through  the  axis, 
the  parts  or  fegmencs  of  the  ftone»  which  before  were 
united,  will  now  repel  and  avoid  each  other  *.     If  two 
magnets  of  a  fpherical  form  are  freely  fufpended, 
one  will  conform  itfelf  to  the  other,  as  to  the  poles  of 
the  earth.    This  influence  of  one  magnet  over  another 
is  termed  the  diredlive  power,  and  this  diredtive  power 
a&s  at  a  greater  diftance  than  that  of  attradion.    This 
may  be  proved  by  pbcing  one  magnet  at  the  bottom 
of  a  fcale.  and  holding  the  other  at  the  fam^  diftance 
at  which  it  a£ts  in  altering  its  direction  :  in  this  cafe 
no  degree  of  attraction  will  be  produced  j-.      if  a 
quantity  of  iron  filings  are  gently  dufled  on  a  magnet, 
they  will  arrange  themfelvcs  around  it  in  a  very  whim- 
fical  manner :  this  eflfeCl  is  only  to  be  accounted  for 
firom  the  directive  power  of  the  magnet,  for  the  filings 
by  contadt  with  the  magnet  afliime  the  magnetic  vir- 
tue, that  is,  become  each  of  diem  a  fmall  magnet,  and 
arrange  themfelves  according  to  the  polarity  of  the 
original  magnet  \. 

Neither  the  diredlivenor  the  attracliye  power  of  the 
magnet  is  diminiflied  by  the  intcrpofition  of  a  foreign 
body.  Steel  filings  fcattered  on  a  plate  of  metal,  or 
of  wood,  or  of  any  body  not  magnetic,  will  be  affefted 
by  the  motions  of  a  magnet  under  the  phtc  ;  and  fer- 
nigineous  bodies  are  attraft^d  with  the  fame  tafe,  and 
at  the  fame  diflance,  in  the  vacuum  of  an  air-pump, 
as  in  the  open  air  §. 

Natural  magnets  r.re  frequently  found  to  have  more 
than  two  poles.  That  is,  the  pc^l.'s  of  another  mag- 
net of  the  regular  form  will  frc  cjuently  be  attraded  by 
different  parts  of  the  furface.  Ti/is  circumftance  de- 
pends on  the  form  and  heterogeneous  nature  of  thefc 

•  Adams  on  Mag.  p.  444.  f  Cav.  p.  9S.  t  lb. 

— Nicholfon's  Phil.  ii.  p.  296.  §  Enlieid'o  Inftit.  p.  340. 

irregular 
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irregular  magnets :  for  a  good  loadftone  is  always  of 
an  uniform  texture,  and  has  only  two  polesj  which  lie 
in  oppofite  points  of  the  furface,  in  fuch  a  manner^ 
that  a  line  drawn  from  the  one  to  the  other'  would 
pafs  through  the  center  of  the  magnet*.  -When  a 
magnet  has  more  than  two  poles  of  equal  ftFength> 
the  iupernun:^erary  poles  may  be  fo  fituaRd  that  the 
magnet  will  not,  in  the  technical  language,  traverfe  j 
in  other  words,  it  will  not,  when  fufpended  by  a 
thread,  Sec.  or  when  floating  on  water,  aiTume  th« 
ufual  direction  to  the  poles  of  the  earth  f. 

The  magnetic  meridian  (eldom  coincides  mth  the 
real  meridian,  but  generally  is  found  to  vary  a  few  de- 
grees from  the  true  dircAion  of  north  and  fouth.  This 
'  is  called  the  declination  of  the  compafs.  The  mag- 
netic needle  varies  fometimes  to  the  eaft,  and  fome- 
times  to  the  weft ;  and  it  varies  not  only  in  different 
places,  but  even  in  the  fame  place  at  different  times. 
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vations  feem  to  determine  that  the  declination  varies 
at  different  times  of  the  day  *• 

The  polarity  of  the  magnet  has  been  attempted  to 
be  accounted  for,  by  fuppofing  the  earth  a  large  load- 
ftone,  or  at  Icaft  that  ^  mafs  of  fcrrugineous  matter, 
equivalent  to  fuch  a  loadflone,  is  contained  within  the 
bowels  of  the  earth,  to  which  all  fhialler  magnets  muft 
ncceflarily  conform.     Attempts  have  alfo  been  made 
to  explain  the  variation  or  declination  of  the  compafs 
upon  (imilar  principles.     If  the  mafs  of  ferrugineous 
or  magnetic  matter  which  th^  earth  contains'  is  fup- 
pofed  to  a6b  upon  ail  magnetic  fubftances,  and  if  this 
mafs  is  almofl   conftantly  varying  its   pofition  and 
compofition  by  fubterraneous  fires,  it  is  not  very  dif- 
ficult to  fuppofe,  that  the  magnetic  needle  will  be  fub- 
jcft  to  confiderable  variations  from  thefe  important 
movements  f. 

The  magnetic  center  is  the  point  between  the  two 
poles,  where  the  magnet  polTeffes  neither  attraftion 
nor  repulfion.  If,  however,  a  part  of  a  magnetic  bar 
is  broken  off  at  either  pole,  the  fragment  will  ftill  be 
a  complete  magnet,  having  two  poles  and  a  center. 

In  lat.  15^  N.  and  long,  60^  VV.  the  variation  was  conftantly 
5*  £•  In  lat.  10^  South,  and  long.  60*^  E.  the  variation  decrcaf- 
cd  from  i;**  W.  to  7®  15'  W.  In  lat.  io*»  S.  and  long.  5^  W.  it 
increafcd  from  2^  15'  to  I2°45'W.  In  Jat.  15°  N.  and  long. 
20®  W.  it  increafed  from  i*  V/.  10  9^  W.  In  the  Indian  feas,  the 
irregularities  were  greater,  for  in  1700,  the  Weft  variations  fecm 
to  have  dccreafed  regularly  from  long.  50°  E.  to  long.  100°  E. 
h-t  in  1756  the  variation  decrcafcd  fo  faft,  that  there  was  Eaft  va- 
riarion  in  long.  80°,  85^,  and  ^J*  E.  and  yet  in  long.  93®  and 
icc^E.  there  was  Weft  variation. 

In  the  year  1775,  in  lat.  58°  17^8.  and  long.  348°  iG  E.  it 
ivns  G^  16' W.  In  lat.  z"^  24' ^'  ^"^  ^ong.  32®  12'W.  it  was 
t>^  14'  45''  W.  In  lat.  50°  6'  30"  N.  and  long.  4''  o'  W.  i:  was 
J9°  28^  W.     Enfield's  Inft.  Phi!. 

•  Adams  on  Mag.  p.  415^416.  f  Nicholfon's  Phil. 
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though  it  originally  might  belong  to  a  part  of  tlic 
magnet  which  was  altogether  of  a  certain  polarity  •. 

III.  Magnets,  while  they  attraft  other  bodies,  ap- 
pear themfclves  to  be  fubject  to  the  attraction  of  the 
earth  J  for  a  magnet,  or  magneric  needle,  when  placed 
fa  as  to  be  able  to  aft  according  to  its  native  impulle> 
inclines  one  of  iis  poles  a.  litde  to  the  earth,  while  the 
other  is  proportionabiy  elevated :  this  is  called  the 
dipping  of  the  needle,  and  the  inclination  or  dipping  Is 
found  to  be  diiFtrent  in  different  btitudcs.  Near  the 
equator  the  needle  affijmes  a  pofition  alnioft  perfeCbly 
horizontal;  in  the  northern  hemifphertr  the  fouth  pole 
is  deprcflird  or  attraftcd  to  the  earth  ;  and  in  the 
fouihcrn  latitudes  the  north  pole  of  the  magnet  fufFers 
a  fimilar  dfprcflion- 

This  property  of  the  magnet  is  accounted  for  upon 
ths  iame  principle  a*  the  fLrmer,  namely,  by  fuppof- 
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the  poles  of  the  earth  5  and  what  is  ftill  more  agree- 
able to  this  theory  is,  that  the  clipping  or  inclinarion 
of  the  needle  is  greatly  increafed  as  it  approaches 
either  pole. 

IV.  The  niagnetic  virtue  may  be  communicated  to 
any  ferrugineous  body. 

ift.  By  contaft  with  a  real  magnet:  and  in  this 
way  artificial  mulcts  are  in  jgeneral  prepared.  This 
property  of  imparting  the  niagnetic  powers  is  not, 
however,  confined  to  the  natural  magnet,  for  artificial 
inagnrts  are  capable  of  communicating  it  to  frefli 
ferrugineous  bodies,  and  that  without  the  leaft  dimi- 
nution of  their  own  power  ♦  :  and  the  power  may  in 
this  manner  be  communicated  from  one  piece  of  iron 
to  another  to  infinity.  A  weak  magnet  may  alfo 
be  rendered  more  powerful  by .  the  application  of  a 
ftronger. 

Soft  iron  acquires  mignetifm  with  more^  cafe  than 
hard  iron  or  fteel,  but  the  virtue  is  not  fo  permanent. 
Hard  ftce!  will  retain  it  for  many  years  without  dimi- 
nution. 

To  make  artificial  magnets  of  extraordinary  power, 
fomc  addrefs  is  required.  A  fingle  magnet  cannot 
communicate  a  greater  degree  of  power  than  itfelf  pof- 
feflcs,  but  fevcral  magnets  united  will  impart  a  power 
equal  to  their  united  force  |.  It  will  eafily  be  ima- 
gined, that  the  power  imparted  will  be  in  proportion 
to  the  approximation  of  the  iron  to  the  m;!gnet.  To 
acquire  a   very  high   degree  of  mngnetifm  alfo,  the 

*  I:  ia  fdiJ  indeed  thai  ihc  pov/er  of  a  magnet  ii  iHcreafcd  ra- 
ther t^.an  diinlailhed  by  communicirion.-^CV/c'. 

f  Hence  it  is  evident,  that  arrilicial  n^ay  be  in.?dc  much  ftrcn^cr 
ttan  any  natural  magnets  v.hatcver.— yi-W;;^/  ch  Mag.  378. 
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iron  cught  to  rcmaia  fbme  [ime  in  conud  widi  die 

There  are  fcTcrat  curious  pbenomcoa  which  attend 
comtnunitaicd  m:^net:(m.  The  nature  of  the  mag- 
oeiirm  communicaiod  *ill  frrqucnt^  drpcod  upon  the 
Ici^h  of  ihe  iron  bar  which  is  brought  into  cor.taft  with 
the  magnet.  If^  for  inftance,  the  north  pole  oCi  m:^- 
net  ij  apphcd  to  the  extremity  of  a  long  bar  of  iron, 
that  extiemiiy  will  orcourfe  acquire  a  contrary  virtue, 
and  become  a  fouth  pole  ;  at  a  part  of  the  bar,  how- 
ever, not  very  diftant,  there  will  be  found  a  new  north 
pole ;  at  feme  dillance  again  a  fouth  pole ;  and  lb  al- 
cemately,  till  the  power  is  totally  loft ;  the  number  of 
fbeic  fucccflive  poles  depending  on  the  ftrength  of  die 
magnetifiTi,  and  the  length  of  the  bar.  If,  however, 
the  bar  is  of  a  modcraic  length,  there  will  be  only  two 
rrgular  poles  *. 

The  polarity  of  a  bar  of  iron  rray  be  altered  by 
gradually  moving  the  pole  of  a  magnet  along  its  fur- 
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magnetic  power  depends  upon  the  texture  of  the  fub* 
ftance  which  retains  it. 

Every  portii^n  of  iron  is  capable  of  retaining  only 
a  certain  degree  of  the  magnetic  virtue.  If  a  ftiong 
magnet  is  applied  to  a  fmall  piece  of  fteel,  the  fteel, 
while  within  the  influence  of  the  magnet,  appears 
powerfully  magnetic ;  but  if  the  magnet  is  removed, 
the  power  fubfides  to  a  certain  degree,  which  may 
be  termed  the  point  of  faturation  *.  A  number  of 
magnetic  bars,  however,  may  be  joined  together,  lb 
as  to  form '  an  exceedingly  ftrong  compound  mag* 
nctf. 

adly.  Iron  is  rendered  magnetic  merely  by  being 
kept  a  conflderable  time  in  a  fuuation  perpendicular 
iodic  furface  of  the  earth;  ahd  in  this  hemifphere 
the  lower  extremity  will  be  the  north  pole,  and  of 
confequcnce  the  contrary  effcft  will  take  place  in  the 
fouthcrn  hemifphere.  This  phenomenon  alfo  is  ex* 
plained  from  the  magnetifm  of  the  earth,  which  com- 
municates its  power  to  ferrugincous  bodies,  though  by 
almoft  imperceptible  degrees.  Old  iron  bai^s  in  win- 
dows, &c.  are  frequently  found  to  be  ftrongly  mag- 
netic J. 

The  moft  advantageous  fituation  of  the  bar  is  how- 
ever not  dirccUy  perpendicular,  but  rather  in  the  di- 
rcftion  of  the  dipping  needle ;  and  indeed  the  mag- 
netic virtue  which  it  acquires  fcems  to  be  in  propor- 
tion as  it  approaches  that  dircftion.  Hard  iron  or 
fteel  acquires  little  or  no  magnetifm  from  the  earth, 
on  account  of  its  greater  infenfibility  to  the  magnetic 
influence  -,  but  it  is  well  known  that  iron  hardens  by 

*  Cav.  92.  t  Ib« 

I  Leewenhook  mentions  an  iron  crofs,  which  had  acquired  a 
very  ftrong  polarity. — Adorns^  432. 

cxpofurc 
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citpofure  to  the  atniofpherc ;  it  has  been  faid,  there- 
fore, that  bars  of  foft  iron,  which  have  remained  for  a 
long  time  in  a  magnetic  dirciftion,  have  acquired  as 
ftrong  a  power  as  good  natural  magnets  *. 

A  bar  of  iron  made  red  hot,  and  left  to  cool,  or 
quenched  in  water  in  the  pofition  of  the  dipping  nee- 
dle, acquires  a  degree  of  magnetifm  proportional  to 
its  nature,  and  the  circumftances  of  its  cooling  ■\. 

^dly.  Magnetifm  may  be  imparted  to  a  bar  of 
iron,  by  placing  it  firm  in  the  direftion  of  tlie  dipping 
needle,  and  rubbing  it  hard  one  way  with  a  polifiied 
fteel  in!lrument:J:. 

rt.thly.  Any  violent  percufTion  will  impart  polarity, 
and  the  other  magnetic  virtues,  ro  a  bar  of  iron  in  a 
vertical  petition.  A  few  ftrokcs  of  a  hammer  will 
produce  this  elFcift ;  and  by  hitting  firft  one  end  of  the 
bar,  and  then  the  other,  the  poles  may  be  changed. 
If  a  long  piece  of  wire   is  twilled  (Vveral  times  back- 
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is  produced  by  electricity-  If  a  bar.  is  laid  horizon- 
tally to  the  magnetic  meridian,  and  fubjeded  to  the 
de&ic  {hock,  whatever  may  be  the  direftion  in  which 
the  fiiock  enters,  that  extremity  which  is  pointed  to- 
wards the  north,  will  be  the  north  pole  j  and  if  the 
bar  ftands  perpendicular,  it  will  follow  the  ufual  law 
of  communicated  magnetifm,  that  is,  in  this  hemi- 
fphcre,  the  end  which  is  next  to  the  earth  will  be  the 
nonb  pole  *.  Lightning  is  the  motl  powerful  of  all 
ratual  agents  in  producing  immediate  magnetifm ; 
it  will,  in  an  inftant,  render  hardened  fteel  ftrongly 
magnetic,  and  will  invert  the  poles  of  the  magnetic 
needle  f. 

One  of  the  mofl  Angular  properties  of  the  magnet 
is,  the  increafc  of  power  which  may  be  added  to  it  by 
gradually  incrcafing  the  weight  it  fuftains  ;  and  on  the 
other  hand,  it  will  gradually,  by  dii'ufe,  lofe-  much  of 
its  natural  ftrength  J,  If  a  magnet  is  hung  up  with  a 
weight  of  iron,  as  much  as  it  will  for  the  prelcnt  fuf- 
uin,  by  adding  gradua'ily,  fuppofe  a  few  grains  daily, 
it  will  at  length  accjuire  the  power  of  attraftlng  near 
double  the  weight  which  it  would  have  attracted  ac 
firft.  It  is  probable,  however,  from  what  was  for- 
merly remarked,  tliac  ihis  power  has  a  limit. 

If  a  piece  of  iron,  fomtwhat  more  ponderous  than 
a  magnet  will  fuftain,  is  applied  to  the  pole  of  the  mag- 
net, it  is  plain  that  on  removing  the  hand  tlie  iron 
muft  fdt.  But  if  aiiotiicr  piece  of  iron  is  held  at  fome 
liide  difiance  bilow  tlie  firrt,  the  magnet  will  be  able 
tofupport  it.  The  rcafon  is,  that  bolh  pieces  of  iron 
being  rendered  magnetic,  die  firft  piece  is  aflually  con- 
verted into  an  artiticial  nngnet,  by  its  contaA  with  the 
original,  r,nd  its  virtue  li  Increafed  by  the  fecond  piece 

♦  Ov.  t  AJsm;  on  Mag.  358.  t  Cav.35. 
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of  iron,  confcqucntly  it  is  rendered  capable  of  a  greater 
degree  of  attraftion  for  the  original  magnet  ♦.  To 
make  this  pcrfeftly  clear,  it  is  neceffary  to  be  obferv- 
ed,  that  a  piece  of  ironj  brought  within  a  certain  dif- 
tance  of  a  magnet,^  becomes  itfelf  pofTefled  of  all  the 
magnetic  properties,  and  that  part  of  the  iron  whichr 
is  neareft  the  magnet  acquires  a  contrary  polarity*. 
Thus,  if  a  magnetic  chain  is  compofed  of  feveral 
pieces  of  iron,  each  piece  is  in  itfelf  a  complete  mag-> 
net,  and  they^  mutually  ftrengthen  the  magnetic  virtue 
of  each  other  fy  as  all  magnets  in  contaft  are  known. 
tt)do. 

The  magnetic  virtue  is  diminished  : 

i(L  By  dtfuje:  particularly  if  the  magnet  is  laid 
jRTiongft  irtfn,  or.  permitted  to  ruft.  Magnets  will 
alfb  be  injured,  unlefs  they  are  kept  together  with  the 
oppofite  poles  correfponding,  the  ends  being  conne£l:« 
cd  by  pieces  of  iron ;  and  they  ought  never  to  touchy 
except  when  in  this  pofition.  The  fouth  pole  ihould 
always  be  employed  in  this  hemifphere  to  lift  iron ;. 
and  a  ftrait  magnet  will  be  weakened,  unlefs  kept 
with  its  fouth  pole  to  the  north  in  the  dircftion  of  the 
magnetic  needle,,  or  downwards  in  that  of  the  dip- 
.  ping  needle  J. 

adly.  Heat  weakens  the  power  of  a  magnet ;  and  that 
high  degree  which  is  called  by  chemifts  a  white  heat, 
entirely  deftroys  it  §.  On  this  principle  Mr.  Canton 
endeavoured  to  account  for  the  daily  variation  of  the 
compafs ;  as  fuppofing  it  to  depend  on  the  heating 
and  cooling  of  the  magnetic  fubftances  within  the 
earth.  This  theory  he  illuftrated  by  the  following 
experiment : — About  E.  N.  E.  from  a  compafs  he 


•  Cav.  200.  f  See  Cav.  p.  30  and  203, 

I  Adams  on  Mag.  397,  443.  ^  Cav.  35, 
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jjkctA  t  finaH  miignct»*ez3i^  at  fudi  a  diftanccj  t&at 

die  power  of  die  gugnec  at  die  foudi  pok  was  jnft 

ftflkieiie  eo  luejp  dienoitheodof'die  needle  to  die 

N.E.  pointy  or45 degrees.   JHeconcriTed  to  heat  the 

nmfpm,  bj^  twtdag  upon  it  a  brifi  rc&i,  into  >hich 

he  poored  about  two  ounces  of  bofling  water,  ahd  aa 

die  nagnet  gradually  heated,  he  oblfenred,  during 

■BVCD  Of  eig^t  mitiutesj  diat  the  needle  moved  about 

tduree  ^pMrters  of  a  degree  weft  ward,  and .  became  fta-» 

tiooasy  at  44)^  3  m  htne  minutes  more  it  came  back 

a  quarter  of  ft  degree ;  botitwas  fome  hours  before  it 

0ibcd  its  former  fituadon,  and  ftood  at  45^  *. 

jd  In  general  the  fime  means  whii:^  fiicilitate  the 
oonnuinication'of  rnagnedfiu  to  forfiig^ous  bodies 
jaoc  iiiagpiedc^.teiid  to  deprive  thofe  which  redly' are 
fo  of  the  m^;netirm  diey  have  acquired.  Every  kind 
of  violent  percuffion  weakens  thikpower  of  a  magnet  1 
and  a  very  ftralg  magnet  has  >been  entirely  deprived 
of  its  virtue  by  receiving  fevend  fmart  ftrokes  with  a 
hammer  f .  This  cBcSt  appears  to  depend  chiefly  on 
the  derangement  of  the  particles  in  the  magnetic  bo« 
<Scs.  ThuSj  if  a  dry  g^ais  tube  is  filled  with  iron  fil^- 
ioff^  magfiettfm  may  be  communicated  to  the  tube  by 
totelur^  it  with  a  loadftone^  exaAly  as  if  it  was  an 
iron  bar ;  but  the  leaft  agitation  which  difturbs  the' 
fituadon  of  the  filings  will  prefently  expel  the  magne* 
tic  virtue  J. 

4th.  In  the  fame  manner  the  eleftric  fhock,  which 
imparts  the  ihohgefl  virtue  to  iron  not  prcvioufly 
magnetic,  will  diminifh,  and  even  deftroy,  the  power 
of  a  real  magnet.  Eleftricity  will  alfo  fomctimes  in* 
vert  the  poles  of  a  magnet  §. 

*  Adams  on  Mag.  417.        f  lb.  445.        I  lb.  444. 
f  Ca?.  part  it  c.  7 ;  and  Adams  on  Mag.  446. 
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The  phenomena  of  mat^nctifm  ftand  alone  among 
the  wonders  of  philoft^pfiy,  unlcfs  we  fuppofe  the  at- 
traftion  of  gravitation  to  be  a  fpccies  of  general  mag- 
nyil'm,  which  indifferently  affefts  all  the  various  bo- 
dies of  which  this  univcrfe  is  compofed.  Certain  ana- 
logies have  been  traced,  or  rather  imagined,  between 
eleftricity  and  magnetiftn.  Both  powers  are  excit- 
ed by  friftion ;  and  the  magnetic  polarity  has  been 
compared  to  die  two  ftates  of  poficive  and  negative 
electricity.  The  analogy  is  favoured  alfo  bv  die  pofli- 
bility  of  imparting  die  magnetic  virtue  to  iron  by  the- 
ckftric  fliock ;  and  the  Aurora  Boredis,  which  is  ge- 
nerally accounted  an  eledtrical  phenomenon,  is  fuppofcd 
to  have  feme  i:ifiucnce  on  the  variation  of  the  .mag- 
netic needle.  Thefe  powers,  neverthelefs,  1  muft 
avow,  appear  to  me  enencially  diiferent.  The  phe- 
nomena of  electricity  are  not  at  all  times  exhibited 
by  elcdtrical  bodies,  but  merely  when^ofe  bodies  are 
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rather  for  that  immcnfe  mafs  of  fcrnigmeous  matter 
which  the  earth  contains.  The  attraftion  of  the 
magnet  is  commonly  fuppofed  to  depend  upon  the 
agency  of  a  fubtile  fluid  which  circulates  around  it,  en- 
ters the  pores  of  the  magnet  itfclf,  and  of  all  the 
bodies  which  it  attrafts.  I  confcfs  that  the  theories 
which  are  founded  upon  this  hypotheOs  appear  to  me 
fo  deficient  in  the  only  proof  that  ought  to  be  admitted 
in  natural  philofbphy,  I  mean  afliual  obfirrvation,  that 
I  am  fiill  inclined  to  account  the  caufc  of  magnetifm 
as  one  of  the  undifcovered  principles  of  philofophy. 
I  am  not  fond  of  indulging  the  imagination  in  its  fa- 
Touritc  propenfity  to  create  invifible  agents  in  order 
for  the  &brication  of  plaufible  theories,  which  fome 
flight  and  cafual  experiment  may  (hortly  overturn. 
We  appear  to  be  equally  ignorant  of  the  nature  of 
gravitation,  and  of  the  common  attraftion  of  cohefion 
and  combination.  It  is  a  trite  remark,  that  there  are 
certain  points  at  which  the  human  faculties  muft  ftop 
in  all  our  fpecula;ions.  This  would  be  a  dangerous 
tenet,  if  it  promoted  indolence,  or  dilcouraged  our 
ardour  in  the  purfuit  of  natural  knowledge  by  the 
only  ftcure  path,  I  mean  that  of  experiment;  but  it  is 
a  falutary  maxim  when  applied  to  the  imagination,  and 
when  it  only  ferves  to  reftrain  our  ardour  for  fabricat- 
ing fyftems,  which  have  no  other  end  but  to  remove 
for  a  moment  the  uneafy  but  ufetul  fenfation  of  doubt 
and  curiofity. 

I  Ihall  not  therefore  incumber  my  work  with  the 
detail  of  fyftems  to  which  I  do  not  feel  inclined  to 
aflcnt;  but  fur  a  clear,  and,  I  think,  corrcft,  Ilatement 
of  the  moft  plaufible  theories  concerning  the  caufef  of 
magnetifm,  fhall  content  myfelf  v-ich  referring  my  rea- 
der to  an  author  to  whom  I  have  many  obligations, 
E  J  and 
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aoi  whofe  bis,  at  a  fiSoid,  1  can  never  fufHcicndy 
kmrat  i  aod  Ihail  dircd  him  to  confult  the  late  Mr. 
Adanu'i  ingenious  £Say  on  this  fct^ect  *. 

*  Priaied  in  the  fime  volssie  witb  hi*  ESay  on  EUAricity. 
Tfl  iHe  Time  Et&y  tbe  resder,  vho  mlbei  to  eaiernia  lunifcU'«iih 
the  pfjAical  ami  cxpenmennl  p2tt  of  ougneiifixi.  will  find  proper 
■nd  etfy  diivAiije!. 
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Chap.    VIL 

OF    THE    MECHANIC    POWERS. 

SixfimpU  Machimes. — 7J^  Lever. ^^Tife  Pulley. — The  moveable  Pul- 
ley.— 0/   WbeeL.^^Clock'work, — Beft    Mode    of   conftruaing    the 

WheeU  of  Carriages. ^Tbe  Wheel  and  Jxle.^-The  Crane The 

CeiffioH.'^The  Crick  or  Jack. — The  inclined  Plane, '^Motion  if 
Carri4iges  up  an  inclined  Plane,  IJc^^^The  Wedge.-^The  Scrrw,'^ 
^he  perpetual  ScretJif* 

TH  E  fcicncc  of  mechanics  may  poffibly  be  con- 
fidered  as  in  many  refpefts  foreign  to  a  work, 
which,  as  its  title  implies,  was  intended  chiefly  to  de- 
tail and  explain  the  operations  of  nature.  It  muft  be 
remembered,  however,  that  the  aftion  of  the  mechanic 
powers  is  the  efiefl  of  thofe  laws  of  motion  which 
have  been  explained  in  a  preceding  chapter,  and  that 
even  fome  of  nature's  operations  can  fcarcely  be  well 
underftood,  without  a  previous  acquaintance  with  thofe 
principles  by  which  bodies  are  moved  with  the  great- 
eft  facility,  and  by  which  the  animal  machine  in  parti- 
cular is  enabled  to  aft. 

There  are  fix  fimple  machines  or  powers,  of  which 
all  the  more  complex  engines  are  conftrufted  ;  and 
thefe  are  the  lever y  the  pulley y  the  wheel  and  axle^  the 
indified  plane,  the  wedge,  and  the  /crew.  It  has  been 
remarked  by  fome  authors,  that  thefe  fix  machines 
may  in  faft  be  refolved  into  two,  the  lever  and  the 
inclined  plane,  for  the  pulley  and  the  wheel  and  axle 
may  be  confidered  as  compound  levers,  and  the  wedge 
and  the  fcrew  are  only  modifications  of  the  inclined 
plane, 
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I.  The  LEVER  is  of  all  machines  tJie  mofl  fimplc  i 
it  is  a  bar  of  iron,  of  woodj  or  of  any  fimiiar  material, 
by  means  of  which  a  fmall  force  applied  to  one  end, 
aided  by  z  fulcrum,  or  prop,  placed  at  any  part  be- 
tween the  middle  and  the  other  extremity,  is  capable 
of  overcoming  or  refifting  a  greater. 

-There  are  three  kinds  of  kvers.  A  lever  of  the 
firft  order  is  where  the  prop  C  (Plate  I.  fig.  i.)  is 
placed  between  the  moving  power  •  A  and  the  point 
of  reliftance  B.  Upon  this  plan  are  conftruSed  ba- 
lances, fleelyards,  and  the  mod  ufua!  inftruments  for 
weighing,  as  well  as  the  common  inftrumenis  for  cut- 
ting, &c.  as  fciffars,  pincers,  fnufFers,  &c. ;  and  feveral 
large  but  limple  machines  for  raifmg  weights,  draw- 
ing water,  and  other  fiinilar  purpofes.  A  lever  of  the 
Je(ond  order  is  when  the  refilling  force  B  (fig.  2.)  is 
placed  between  the  power  at  A  and  the  prop  at  C.  : 
and  a  lever  of  the  third  order  is  when  die  power  at  A 
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IcTcr  of  the  third  order  (fig.  5.)  is  placed  at  i,  it  is 
dien  a  lever  whofc  arm  of  power  f,  is  to  that  of  re- 
liftancc  R,  as  otie  is  to  three ;  for  the  length  of  the 
arm  of  the  lever  ia  always  determined  by  its  difVance 
from  the  prop  d  But  if  the  power  P,  is  placed  at  1, 
it  is  then  a  lever  whofe  arm  of  power  P,  is  to  that  of 
refiftance  R,  as  two  is  to  three. 

It  is  the  diftancc  of  thefe  forces  from  the  prop 
which  determines  the  velocity  of  their  motion,  which 
is  always  in  the  fanne  proportion  as  the  diftances  ;  for 
when  the  prop  is  at  C  (fig.  6.)  one  of  the  powers 
at  B>  and  the  other  at  A>  double  the  diffance  from 
the  prop,  the  latter  power  A  will  have  a  velocity 
which  is  double- that  of  the  firft  power  at  B.  Be- 
caufe  when  the  lever  begins  to  move,  while  the  point 
B  defcribcs  the  arch  B  *,  A  will  defcribe  the  arch  A  a, 
■which  will  be  double  the  former,  for  arches  are  always 
in  proportion  to  their  radii  '. 

Th;  force  of  a  moving  body  is  the  refult  of  its  mafs 
multiplied  by  its  velocity,  it  follows  therefore  in  the  firft 
■place,  as  has  been  obferved  above,  that  a  weight  aft- 
ing  by  a  lever  produces  a  force  fo  much  the  greater, 
as  its  diftancc  is  greater  from  the  prop,  becaufe  then  it 
ponefles  greater  velocity  ;  fecondly,  it  follows  that  t\vo 
equal  weights,  afting  in  oppofite  direftions  upon  a 
lever,  are  not  in  equilibrio  when  they  are  not  at  equal 
diftances  from  the  prop ;  and  thirdly,  that  two  unequal 
weights,  a<n:ing  upon  a  lever,  will  exert  equal  forces 
when  their  diftances  from  the  prop  are  in  a  reciprocal 
proportion  to  their  refpeftive  malfirs.  Hence  it  fol- 
lows, that  whatever  is  gained  in  power  is  loft  in  time, 
and  the  contrary. 

In  what  has  been  hitherto  obferved  of  the  lever,  it 

*  The  radius  i)  the  femidiameter  of  a  ci  rcle,  or  that  line  which 
froceedi  diicfUy  from  the  center  to  the  citcumf.TCncc. 

has 
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we  deme  a  wdgitt  iiiili  dw  haiid^  dui  weig^iBay  be 
eonfiikitd  «s  fixcfl  to  dw  aim  of  a  km*!  wbofe  fnip 
a  tt  Uk  clboiifaod  w^efc  lengdi  Uconiequeotlf  equal 
■o  tke  difiance  bttwcen  die  dbow  and  the  weigbb  * ' 
9ut  tfaii  weighc  ii  (vftained  in  du*  ftate  bj  die  aakm 
■  of  A^  mdfi^  die  diicdioa  of  wlu^  ia  very  oblique 
to  die  aim  of  Ac  )erer,  and  Goiiifquea%  die  diftancr  • 
of  4e  moving  power  from  die  prop  it  mudi  kfi  thaa 
thetSAaiiceofdiewaghtfimn  die  iame  prop.  Hence 
die  cSirc  of  die  ond^  nnift  in  dui  cilc  be  mudi 
0mm'  dian  die  weight  or  nppfl«tw^.  To  accounc  for 
^  ftradun^  ic  muft  be  remadEcd,  diat  die  nearer  « 
pCMK^  *Ff>fi^  Co  *  IcTer  is  to  die  prop,  fa  much  dvi 
le&  is  she  -Ifiace  it  a£ts  in  when  it.  raifet  die  weight.  .■ 
Now  die  ^Mce  vdiich  die  power  had  to  occupy  was 
what  Providence  had  moft  to  regard  in  the  ftruAure 
of  our  bodies.  It  is  on  this  account  that  he  has  placed 
die  diiedion  of  the  mufdes  at  a  fmall  dtftance  from 
die  prop,  but  he  has  wifely  made  them  ftroog  in.  pro- 
portion. 

The  prop  of  a  lever  may  be  regarded  as  a' third 
power,  which  keeps  in  equilibrio  the  motive  force  and 
(he  refiflancc,  or  which  concurs  with  the  one  to  ena- 
Me  it'to  fuftain  die  eflbrt  of  the  other. 

In  a  Ibver  of  the  firft  order,  the  prop  C  (fig.  ic) 
which  is  placed  between  the  power  D  and  the  refin- 
ance £,  fupporta  a  force  equal  to  the  abfolute  weighC 
or  efibrt  of  the  two  forces,  when  thefc  forces  are  ap- 
|4ied  in  a  direAion  [nrallel  to  each  other,  and  the 
;^ce  exerted  upon  the  prop  C,  is  in  the  direftion 
C  I  paia^l  to  that  of  the  two  forces.  But  if  the 
power  I  Q,  (Bg.  1 1.)  and  the  reliftance  K  N  are  in  a 
(tirefUon  which  inclines  them  towards  each  other,  the 
prop  L  is  .chai^d  with  kfs  than  the  fum  total  of  the 
two  forces,  and  lefs  in  proportion  as  this  inclination  is 
greater,  and  the  force  which  is  exerted  upon  the 
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prop  I.,  is  in  the  diredlion  L  M,  whicli  tends  to  the 
point  of  contafb  M  of  the  two  forces. 

It  would  be  tlie  fame  ifthe  powers/ and  ^  (fig.  12.) 
were  in  eqiiilibrio  by  the  inequality  of  their  dilban'ces 
from  the  prop  H,  that  is,  in  cafe  their  mafics  were  in 
an  inverfe  ratio  to  their  diftances  /  H  and  g  H  from 
the  prop.  The  charge  upon  the  prop  can  never 
be  greater  than  the  I'um  of  the  two  forces,  or  in 
other  words  the  fum  of  the  oppofed  maffes ;  but  it 
would  be  equal  to  this  fum  if  the  powers  were  in  adi- 
refbion  parallel  to  each  other,  and  ic  would  be  Icfs  than 
this  fum  if  the  lijies  of  dircftion  e  c,  e  e  were  inclined 
towards  each  other,  then  the  force  upon  the  prop  H 
would  be  exerted  in  the  line  H  I,  which  would  tend 
to  tiie  point  I,  where  the  two  mafles  would  meet  ac- 
cording to  tlie  direftion  in  which  they  a6b. 

In  levers  of  the  fccond  and  third  orders  the  prop 
fupports  only  a  part  of  the  effort  of  the  two  forces. 
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ley,  that  is  the  hollow  pajt  of  the  circumference  whidi 
receives  the  cord  is  generally  hollowed  out  angulatijr 
and  not  round,  fo  that  the  cord  being  in  fome  meafurc 
pinched  or  comprelTed  in  this  angle,  it  will  not  be  liable 
to  glide  or  flip  in  its  motion. 

PuUies  are  commonly  made  of  wood  or  metal,  and 
always  mm  upon  an  axis.  When  diey  arc  made  of 
wood,  it  is  better  to  iix  the  axis  to  the  pulley,  and  to 
kt  all  turn  together  in  the  fpace  which  fuftains  the 
pulley.  The  movement  then  being  performed  Upon 
a  lefs  furface  will  be  Icfs  impeded  by  frit^on,  am!  if 
the  fpace  which  contains  the  pulley  becomes  lai^r>  as 
it  is  only  die  lower  part  which  can  be  affedted,  the 
aperture  will  be  lengthened,  the  pulley  will  delcend  a 
little,  but  its  circular  motion  will  not  be  dimjniflied; 
k  is  not  fo  when  the  pulley  turns  upon  its  center,  fur 
then  if  the  aperture  which  receives  the  axis  enlarges, 
the  rnUrgcment  is  frequently  not  equal  in  all  its 
parts. 

By  means  of  pullies  burdens  are  elc,vated  with 
greater  eafe,  arid  in  a  more  commodious  manner  than 
they  otherwifc  could  be  ;  more  commodious  becaufc 
the  motion  is  continued,  and  its  direiftion  may  be 
changed  fo  as  to  bring  the  whale  force  which  is  ap- 
plied to  it  into  immediate  aftion,  for  by  tliis  means  a 
horfc  which  can  only  exert  his  force  in  an  horizontal 
direiftion,  is  able  to  overcome  a  vertical  refiltance. 
Burdens  are  moved  with  more  cafe  by  puHics,  becaufi; 
a  great  weight  may  be  elevated  by  a  fm-iil  force  pro- 
perly applied.  The  power  applied  to  a  pulley  draws 
in  all  directions  without  impediment,  becaufe  the  cord 
by  which  it  afts  is  always  a  tangent  •  to  the  circum- 

•  A  tangent  is  a  right  line  dr.i*n  pcrpenJicular  from  the  ex- 
tremity  of  the  railius,  which  touches  llifi  circum.'Vrcr.ce  of  a  circk 
wiLhout  cutting  it. 

fercnce 
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ftrencc  of  the  pulleyj  and  confequently  always  perpen- 
dicular to  die  radius.  The  powers  applied  to  pullies 
aft  more  forcibly  in  proportion  as  their  diftance  from 
the  axis  is  greater,  whether  the  cords  run  in  (cveral 
groves,  or  i'everai  pullies  of  different  diameters  turn 
upon  the  fame  axis;  thofc  powers  therefore  which 
a£t  at  the  greateft  diftance  from  the  axis  will  have  the 
advantage  over  the  other.  Let  us  fuppofe  a  weight 
of  fix  pounds  to  be  placed  at  I  (Plate  I!,  fig.  i.)  there 
ought  then  to  be  fix  pounds  at  H  to  fuftain  it,  be- 
caufe  the  radii  c  d  and  c  i  are  equal.  But  three 
pounds  placed  at  K  will  fuftain  the  fame  weight,  be- 
caufe  the  radios  <r  2  is  double  the  radius  c  d;  and  it 
requires  but  two  pounds  in  L,  becaufe  the  radius  c  3 
is  treble  the  radius  c  d. 

In  all  thefc  cafes  the  pulley  performs  the  office  of  a 
lever  of  the  firft  order,  for  it  may  be  confidered  as 
an  affemblage  of  fixed  levers,  of  which  the  center  is 
the  common  fulcrum.     All  thefe  levers  have 
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barrel  f  or  E,  fumifhed  with  a  fpring  like  that  of  a 

wacch.     If  the  force  of  the  fpring  is  fuch,  that  any 

^veti  power  (a  weight,  for  example,  afting  at  D  E) 

keeps  it  in  equilibrium;  when  the  fpring  is  rolled 

three  or  four  rounds  nwre,  the  fame  weight  afting  at 

g  F  will  keep  it  ftill  in  equilibrium^  if  the  radius  E  F  . 

is  lengdiened  in  proportion  to  the  augmentation  of 

force  in  the  fpring ;  what  has  beer>  obferved  of  the 

point  F  may  be  (aid  of  all  the  others.     Hence  it  foU 

lows^  that  thefe  two  powers,  the  fpring  and  the  weight, 

will  always  aft  againft  each  other  in  a  certain  ratio  or 

pit^rtion,  even  though  the  force  of  either  fhould  be 

occafionaUy  augmented :  It  is  upon  thefe  principles 

that  clock  and  watch-makers  are  able  to  calculate  the 

force  of  their  Iprings,  weights,  and  pendulum?,  and  to 

adapt  them  with  the  utmoft  precifion  to  the  other 

movements. 

The  axis  c  (fig.  1.)  of  a  fimple  pulley  ran  never  be 
charged  with  a  greater  force  than  that  which  is  equal 
to  the  fum  of  the  two  powers  I  and  H,  but  it  may  be 
fomewhat  lels.  When  the  direftions  b  I  and  i  H  of 
two  powers  are  parallel,  that  is,  when  the  cord  em- 
braces half  the  circumference  of  the  pulley,  the  axis  is 
charged  with  a  force  equal  to  the  fum  of  the  two 
powers.  But  if  the  direftion  of  the  two  powers  is- 
oWique  to  each  other>  the  axis  is  then  charged  with  a 
lefi  force  than  the  fum  of  thofc  of  the  two  powers  j. 
and  in  that  cafe,  the  force  with  which  the  axis  is 
charged  is  to  the  fum  of  the  forces  of  the  t\^o  powers^ 
as  the  chord  of  the  arch  embraced  by  the  cliord  is  t3 
the  diameter  di-,  the  effort  is  then  made  upon  the 
axis  Cj  in  a  direftion  which,  pafling  through  f,  tends 
to  the  point  of  meeting  according  to  the  direftion  of 
the  two  powers. 
In  all  thefe  cafes  the  force  H  muft  be  equal  to  the 

rcfiftancc 
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lefiftance  I,  in  order  to  keep  the  equilibrium.  Hence 
it  follows,  that  the  fimplc  pulley  neither  aids  nor  hin- 
ders the  power ;  it  only  fcrves,  as  has  already  been 
obferved,  to  kerp  the  power  in  its  nioft  advantage- 
ous diredion,  to  change  the  direftion  of  the  motion, 
and  to  render  it  conD'anc 

The  pulley  may  alfo  be  confidered  as  a  lever  of 
the  fccond  or  Jer,  for  it  has  all  the  properties  of  that' 
machine  when  the  refiftance  R  (fig.  3.)  is  attached  to 
the  neck  c  i,  and  one  of  the  ends  of  the  cord  which 
paQes  under  the  pulley  is  attached  to  the. fixed  poinc 
a,  while  the  other  is  drawn  or  fuftained  by  the  power 
d:  The  pulley  then  becomes  what  is  called  a  move- 
ehle  pulley,  and  Is  elevated  with  the  burden  j  it  con- 
fcqucntly  is  analagous  to  a  lever  of  the  fecond  order 
h  e,  of  which  the  fulcrum  or  prop  is  at  b,  and  is  di- 
vided into  tv;o  equal  parts  b  Cy  c  e,  by  ihc  diredion 


Chap.?.]  Syfim  of  PuUiei.    '  6^ 

dius  c  b.  Becaufe  to  keep  an  equilibriunB,  \t  is  nccef* 
iaiy  that  the  power  ftiould  be  to  the  refiftance,  as  the 
radius  is  to  {he  diameter. 

But  if  the  diredion  of  the  powers  b  oblique,  as  for 
inftance,  if  one  end  of  the  cord  is  attached  to  the  fixei^ 
point  j^,  while  the  other  is  fuftained  by  the  power  P,  it 
ftill  reprefents  a  lever  of  the  fecond  order  m  i,  of  which 
the  fijlcrum  will  be  at  m,  and  which  will  be  divided 
into  two  equal  parts  m  i,  i  I,  by  the  diredlion  c  I  of  the 
refiftance.  Then  the  power  P  will  be  to  the  refift- 
ance  R  as  tho»  radius  f  ^  is  to  the  fpace  Im  of  the 
arch  embraced  by  the  cord. 

If  indead  of  drawing  the  cord  upwards  it  is  necef-* 
faiyto  draw  it  downwards,  a  fixed  pulley  n  (fig.  4.)  is 
placed  above  the  moveable  pulley  «,  which  m^^cs  no 
change  in  the  effctS  of  the  power.  And  when  the 
power  is  not  fufficicnt  to  elevate  the  biirden,  a  fecond 
moveable  pulley  is  added,  and  another  6xed  one 
(%  sO  or  even  a  greater  number,  by  means  of  which 
the  power  has  much  greater  effc£b.  This  fyfti;m  of 
pullies,  fomc  moveable  and,  fomc  fixed,  and  ail  em- 
braced by  the  fame  cord,  is  caik-d  by  fome  a  tackle. 
The  fixed  pullies  1  and  4  are  fupported  in  the  Jame 
neck  or  cafe,  and  the  moveable  pullies  i  and  3  hy 
another  neck.  The  lower  part  M  of  the  neck,  which 
iiipporis  the  fixed  pullies,  Jcrves  as  a  fixed  point  for 
one  end  of  the  cord,  and  it  is  the  lower  part  R  of  the 
neck  which  fupports  the  moveable  pullies  to  which 
the  burden  is  hung. 

By  means  of  this  union  of  pullies,  a  very  great 
hunJen  may  be  raifed  by  a  fmall  force ;  for  it  is  dc- 
monftrable  that  the  force  neceffary  to  fuftain  a  weight 
by  means  of  feveral  pullies,  is  to  the  weight  itfclf  as 
i!ni[y  is  to  double  the  number  of  moveable  pullies. 
AVnen  the  dircdtions  of  the  cords  are  parallel  to  each 

Vol.  1.  F  other. 
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other,  the  ptywers  are  then  (as  has  been  before  ob- 
ferved)  in  an  invcrfe  ratio  to  the  velocities. 

Hence  it  follows,  that  the  number  of  puUies  and 
the  power  being  given,  the  weight  which  the  fyftcm 
cfpulUes  is  capable  of  fuflaining  is  ea(ily  found,  by 
multiplying  the  powet  by  double  the  number  <rf" 
moveable  pullies.  For  example,  fuppofc  that  the 
power  is  equal  to  60  pounds,  and  that  th«  number  of 
moveable  pulics  is  3.  60  multipled  by  6  (double  the 
number  of  3)  will  be  equal  to  560,  which  is  the 
weight  that  this  fyftem  of  pullies  is  able  to  fullain. 

In  the  fame  manner  the  number  of  moveable  pol- 
Vies  being  given,  as  well  as  the  weight  which  the 
tackle  is  able  to  fuftaln,  the  power  is  cafily  found  by 
dividing  the  weight  by  double  the  number  of  move- 
able puUics.  Suppofe  the  weight  equal  to  8oolb, 
■•nd  the  number  of  moveable  pullies  to  be  4;  800 
divided  by  8  (that  is,  by  double  the  number  of  pul- 
quotient  100  lbs.  which  is  the  force 
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To  find  the  number  of  moveable  pullies  which  are 
neceflary  to  fuftatn  a  given  weight  with  a  given  power, 
the  wdght  muft  be  divided  by  the  power«  and  then 
half  the  quodent  will  be  the  number  fought.  Suppole^ 
for  example,  the  weight  to  be  500  lbs.  and  the  power 
50  5  die  apparatus  ought  to  have  5  moveable  pullies, 
for  500  divided  by  50  gives  10  for  the  quodent,  the 
half  of  which  is  5. 

In  all  thefe  cafes  it  has  been  prefumed,  that  the  di- 
region  of  the  cords  is  parallel  to  each  other.  If  it  is 
oblique,  then  the  burden  to  be  fuftained  is  to  tlie 
power,  as  the  fum  of  the  fines  *  of  the  angles,  which 
the  cords  of  the  moveable  pullies  make  with  the  ho* 
rizon,  is  to  the  whole  fine.  It  follows  then,  in  this 
cafe,  that  the  power  muft  be  greater  than  is  required 
in  the  former  cafe ;  the  dircc"lion  therefore  of  die  cords 
ought  if  pof&ble  to  be  always  parallel  to  each  other. 

To  prevent  the  friftion  of  the  ropes  one  againft 
another,  which  occafions  a  confiderable  refiflance  and 
wears  them  much,  it  has  been  found  neccfTary  to  em- 
ploy in  a  fyflem  of  pullies  feme  of  a  fmallcr  diameter, 
which  is  inconvenient  on  account  of  the  fliffnefs  of  the 
rope.    It  is  therefore  better  to  place  the  pullies  of 

weights  be  joined  into  one,  they  may  be  raifcd  with  the  tackle^ 
though  it  would  be  impoflible  to  move  them  by  the  unaflifted 
ftrengch  of  one  man. 

'  Or,  fuppofe,  inilead  of  ten  weight;,  a  man  dra-.vs  ten  bnckets 
of  water  from  the  hold  of  a  (hip  in  ten  minutes,  and  that  tb^ 
(hip  being  leaky,  [admits  an  equal  quantity  in  the  fame  time* 
It  is  propofed,  that  by  means  of  a  tackle,  he  (hall  raife  a  bucket 
ten  times  as  capacious.  With  this  aifillance  he  performs  it,  but 
in  as  long  a  time  as  he  employed  to  draw  the  ten,  and  therefore 
is  as  far  from  gaining  on  the  water  in  the  latter  cafe  as  in  the 
former/  Nichol.  Phil.  vol.  i,  p.  74. 

•  The  fine  is  the  meafure  of  an  angle,  or  a  right  line  drawn 
from  the  extremity  of  one  leg  to  that  of  the  other. 

F  2  cadi 
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each  tackle,  the  upper  and  the  lower,  parallel  to  each 
other,  to  place  them  in  a  common  neck,  and  to  make 
tliem  move  upon  an  axis  common  to  all,  as  in. fig.  6.* 
all  the  puUies  are  then  of  equal  diameters.  Th'is  kind. 
of  tackL*  is  in  common  ufe,  efpecially  on  board  ftips.- 
The  ropes,  however,  are  not  exaftly  parallelj  but  this 
dcfeifi:  is  inconfiderable. 

In  the  preceding  calculations  the  refiftance  f>ro- 
duced  by  fridlion,  and  that  which  arifes  fron:i  the  ftiff- 
nefs  and  weight  of  the  ropes  are  not  regarded,  on  ac- 
count of  which  it  is  neceffary  to  augment  the  power, 
and  to  make  it  greater  than  I  have  fiippofed.  It  may 
alfo  happen,  that  in  augmenting  the  number  of  pullies 
thefc  rcfiftances  will  be  augmented  fo  much,  that  they 
do  more  than  compcnfate  for  the  augmentation  of  die 
.  force  which  refiilts  from  the  increafe  of  the  number  of 
pullies. 

Wheels,  like  pullies,  may  be  confidered  as  an  affem- 
blage  of  levers.     Of  wheels  there  are  two  kinds-:  the 
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wheel  and  a  fmall  one,  called  a  pinion,  and  ibmerimes 
a  nut  J  the  teeth  of  which  coincide  with  the  teeth  of 
another  large  wheeh  In  large  niachines,  trundles  are 
often  fubftituted  for  pinions  or  nuts,  and  perform  their 
office ;  thefe  are  cylinders  or  ipindles  parallel  to  each 
other,  and  placed  circularly  in  two  plain  pieces  of 
wood  at  the  top  and  bottom.  The  teeth  of  the  wheel 
then  catch  the  fpindles  of  the  trundle  as  they  do  thd 
cogs  of  the  nut  or  pinion.  The  mechanifm  is  the 
fame  in  both  cafes :  fo  that  it  fuffices  to  examine  the 
manner  of  hooking  or  catching  of  wheels  and  pi* 
nions. 

Wheels  of  the  firft  kind,  thofc  whofe  motion  is  con- 
fined to  die  fame  place,  may  be  confiderqd  as  levers  of 
the  firft  order ;  the  arms  of  which  are  the  radii  of  the 
wheels  and  nuts,  and  which  have  their  prop  at  the  axle. 
Let  ABC  (Plate  III.  fig.  i .)  be  three  wheels, and  abc 
their  correfponding  pinions  or  nuts.  The  nut,  or  what 
is  the  fame  thing,  the  cylinder  a  fuftains  the  weight  P  ; 
the  v/heel  A,  which  has  the  fame  axle  as  the  cylinder  ^, 
catches  the  nut  b  5  the  wheel  B,  which  has  the  fame  axle 
as  the  nut  by  catches  the  nut  Cy  the  wheel  C,  which 
has  the  fame  axle  as  the  nut  r,  is  drawn  at  its  circum- 
ference by  the  power  Qj  and  the  whole  fyftem  is 
in  equilibrium.  Here  the  weight  P  adls  by  the  radii 
of  the  nuts;  but  the  power  Q^adls  by  the  radii  of  the 
wheels."  Suppofe  the  radii  of  the  wheels  to  be  four 
times  thofe  of  the  nuts;  and  that  the  firft  are  eight 
inches,  and  the  other  two  inches.  To  preferve  an 
equilibrium,  it  is  neceffary  that  the  power  Ihould  be 
to  the  refiftance,  as  the  produft  of  the  arms  of  the 
lever  of  refiftance  is  to  the  produft  of  the  arms  of  the 
lever  of  power,  that  is,  in  an  inverfe  ratio  of  the  length 
of  the  arms  of  the  lever;  thefe  produdls  are  found  by 
multiplying  the  one  by  the  other,  that  is,  the  radii  of 
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wliecl  turns  round  once ;  and  lb  on  the  other  hand,  if 
this  makes  one  revolution,  the  nut  D  and  the  vertical 
whce!  H  will  make  four  in  the  fame  time.  For  in- 
ftancc,  fuppofe  that  to  each  of  the  great  wheels  H  and 
H,  a  handle  G  or  F  is  fixed,  and  turned  by  a  man 
once  in  a  fecond,  the  velocity  will  be  four  times  as 
great  -when  he  turns  by  the  handle  F  as  if  he  turned 
by  the  handle  G.  But  It  is  true,  that  in  this  cafe  he 
muft  ufe  four  times  the  force;  becaufe  whatever  is 
gained  in  force  is  loft  in  time;  and  on  the  contrary, 
what  is  gained  in  lime  is  loft  in  force;  yet  it  is  often 
advantageous  to  have  the  liberty  of  choice. 
'  As  to  wheels  of  the  fecond  kind,  which  have  two 
forts  of  motion,  as  thofe  of  carriages,  the  center  of 
which  advances  in  a  right  line  while  the  other  parts 
turn  round  it,  they  may  be  regarded  as  a  lever  of  the 
fecond  order,  the  aftion  of  which  is  repeated  as  often 
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fo  by  the  we!p;ht  of  the  carriages  which  pafs  over 
them.  Thefe  inequalities,  whether  of  ttic  wlieels  or 
of  the  earth,  therefore  caufe  the  wheel  to  be  fupporccd 
by  2  radius  C  Q_or  C  N,  oblique  to  the  direiflion  of 
the  power  C  P,  or  to  the  direflion  of  the  arilUnce 
C  M.  Then  the  weight  which  is  fuppofuJ  to  prefs  at 
C  icfifts  the  power  which  cannot  make  it  advance  but 
by  caufing  it  to  rile  as  much  as  the  poiiit  Q_nr  N  is 
above  the  point  M.  The  power  is  then  obliged  to 
fuftain  part  of  the  weight  of  the  carriage,  as  if  it  was 
placed  upon  an  inclined  plane.  When,  moreover,  the 
circumferences  roll  upon  furfaces  perlcflly  folid  and 
level,  there  is  indifpenlably  a  contidcrable  fridion  be- 
tween the  axle-tree  and  the  nave. 

The  little  elevations  and  deprefHons  In  roads  change 
alfo  the  direftion  of  the  power.  A  horfe  placed  higher 
or  lower,  by  the  difpofition  of  the  ground,  inflcad  of, 
making  his  effort  in  the  line  C  P,  parallel  to  the  por- 
tion of  the  plane  which  fupports  die  wliccIs,  makes  it 
often  by  the  line  C  S  or  C  R,  that  is,  obliquely  ta  the 
direction  of  the  refiftance  C  M,  and  confcquencly  with 
djfadvantage;  for  a  carriage  which  may  be  moved 
eafily  by  one  horfe  only  upon  a  horizontal  plane,  oiv:a 
requires  many  horfes  to  move  it  up  a  rifing  ground. 

In  general,  the  ir.o!l  advantageous  mode  of  moving 
burdens  in  cjrriacres  over  rough  and  uneven  ground, 
as  road:  are  for  the  moll:  part,  is,  according  to  MfiTrs. 
Stevin,  Wallis,  and  Dcparcieux,  to  drnw  in  a  riling 
line,  as  C  R ;  for  this  purpofe  it  is  necciTary  that  the 
axle  of  the  wheels  fliouid  be  a  licde  lower  thaa  the 
breafls  of  the  horfes,  by  which  means  the  cIirccl:ion  of 
the  power  approaches  more  to  the  pandlelifm  of  each 
of  the  linall  i.^c!i^cd  planes  v;hich  forir.  the  inequalities 
of  the  roads. 

But 
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But  if  ic  is  impoQlble  to  overcome  thefe  difficulties 
cntirel/j  they  may  be  prevented  iA  part  by  employing 
large  inftead  of  fmall  wheels.  For  it  is  certain,  that 
fmall  wheels  entangle  themfelves  more  than  great  jones 
in  the  ruts  and  hollows  in  roads,  as  may  be  (een  by 
the  fig.  5^  where  the  radius  c  q  of  the  fmall  wheels 
which  bears  againft  the  ground,  in  rifmg  out  of  a  hol- 
low in  the  road,  is  much  more  oblique  to  the  direc- 
tion of  the  power  cp  than  the  radius  C  ^  of  the  great 
wheel  to  the  direftion  C  ?•  As  the  circumference  alio 
of  a  great  wheel  meafures,  in  rolling,  more  of  the  road 
than  that  of  the  fmall  one,  it  turns  fwifter,  or  makes 
fewer  revolutions,  in  palfing  over  a  given  fpace,  which 
faves  no  inconfiderable  part  of  the  friftion. 

III.  The  WHEEL  and  axle  *  or  windlajsy  one  of  the 
fix  fimple  machines,  is  a  cylinder  which  turns  upon  its 
own  axis,  by  means  of  which,  with  a  fmall  force,  a  great 
burden  may  be  elevated  by  a  rope  which  wraps  round 
the  cylinder  by  the  aid  of  a  handle,  or  by  means  of  cogs 
or  bars  ufed  as  levers,  afting  on  the  circumference. 

It  is  the  common  praftice  to  fix  at  one  of  the 
extremities  of  the  cylinder  A  B  (fig.  6.)  levers,  fuch 
as  E,  F,  G,  H,  by  means  of  which  the  cylinder  is 
turned  upon  its  axis  C  D,  while  the  cord  which  fuf- 
tains  the  weights,  is  wrapped  or  wound  about  it.  It 
is  cafy  to  fee  that  the  effcft  of  the  wheel  and  axle  is 
analogous  to  that  of  a  lever  of  the  -firft  order.  For, 
fuppofe  that  bg  (fig.  7.)  reprefents  the  radius  of  a 
cylinder,  anrf  that  h  P  reprefents  the  arm  of  a  Icver^ 
by  which  the  power  P  afts  :  if  the  length  of  ic?  P  is  to 
that  of  i|^  as  3  to  I,  a  power  of  100  pounds  at  P, 
adting  in  a  perpendicular  direftion  at  P  b^  will  balance 
a  weight  G  of  joo  pounds. 

*  Hfjf  foxnc  called  the  axis  in  pcritrocbio. 

HcQce 
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It  is  caly  to  perceive  that  the  capfVan  aifts  as  a 
perpetLul  lever  of  the  Prll  or  fecond  order  with  un- 
equa)  armsj  and  that  tlie  arm  of  refinance  is  much 
fliorttT  dun  th,i:  of  the  power.  For  the  arm  of  the 
lever  by  which  the  rcfiftance  afts,  is  the  radius  of  the 
cylinder ;  and  the  arm  of  the  lever  bv  which  the 
power  acls,  is  the  fjnie  radius  lengthened  by  the  whole 
extent  of  one  of  the  crofs  levtrs. 

Ships  have  often  two  kinds  of  capfl^ns  on  board; 
that  is,  a  double  capftan  and  a  f^nall  one.  The  double 
one  is  placed  upon  th;  firft  deck,  and  rifcs  about  fout 
or  five  ffct  above  the  fecond  deck,  it  is  dcfigncd  for 
the  more  important  purpofes,  as  to  raife  the  anchor, 
&c.  The  fmall  capftan  is  placed  upon  the  lecond  or 
third  deck  between  the  main  and  niiizcn  mafts,  and 
ferves  to  work  the- fails,  yards,  &c.  on  different  oc- 
cafions. 

The  crkk  or  jack  is  another  machine  by  which  ; 
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is,  I  underftand,  commonly  employed  by  the  hoiife- 
breakcrs  about  the  metropolis,  to  force  open  doors 
or  windows,  or  to  remove  locks  or  whatever  obftruc- 
tioDs  may  be  oppofed  to  them. 

IV.  The  INCLINED  PLANE  13  that  which  forms  an 
angle  with  the  plane  of  the  horizon.  This  angle  may 
be  infinitely  fmall,  and  then  it  Ls  confounded  wich  an 
horizontal  line  ;  on  the  contrary,  it  may  be  a  right 
ai^lc,  and  then  the  plane  becomes  vertical :  between 
Aefe  two  extremes  are  comprized  all  the  other  de-. 
grecs  of  inclination. 

The  principle  on  which  the  whole  theory  of  the  in- 
clined plane  is  founded  is  this  :  That  the  time  which  a 
rolling  body  takes  to  defcend  upon  an  inclined  plane, 
is  to  the  time  in  whicji  it  would  defcend  vertically 
by  its  abfolute  gravity  from  the  highefl:  part  of  the 
plane,  in  the  ratio  or  proportion  v/hich  the  length  of 
the  plane  bears  to  its  perpendicular  height  s  a  body 
therefore  placed  upon  an  inclined  pliine  is  partly  fuf- 
taincd  by  the  plane  itfelf,  and  diercfore  a  weight  or 
power  confiderabiy  inferior  to  that  of  the  body  is  r.biC 
to  fupport  it  in  its   fituation  on  the  plane,  or  even 
tocaufe  it  to  afcend.     On  this  account  it  is  that  in 
making  refcrvoirs  for  water,  trenches  in  fortificarion, 
or  in  clearing  the  earth  away  for  the  foundations  of 
buildings,  the  wheel  barrows  or  other  vehicles  em- 
ployed arc  made  to  afcend  upon  a.  plank  or  fcaffoldincT, 
which  is  placed  in  the  diieftion  of  an  inclined  [)lane. 

To  render  this  part  of  the  fubjcft  perfectly  intelli- 
gible, let  A  C  (fig.  2.)  be  an  inclined  plajie,  then  to 
fuftain  the  body  D  upon  this  plane,,  and  to  prevent  it 
from  falling,  it  is  not  neceilary  that  the  weights  a\  rf, 
which  retain  it  by  means  of  the  cords  D  e  d^  llyjuld  be 
(taken  together)  equal  to  the  wtig!Vc  cf  the  bjcly  O, 

bu'C 
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but  may  in  faft  be  confiderably  lefs,  if  thefe  weights 
rfj  d,  draw  in  the  direftion  D  e,  parallel  to  the  inclined 
plane.  But  if  tliefc  weights  draw  in  the  direftion 
D  F  or  D  E,  they  neceflarily  lofe  a  part  of  their  force, 
as  will  appear  from  what  has  been  already  advanced 
on  the  fubjtd  of  obliquity,  in  trcadng  of  pullies,  &c. 

Hence  it  is  evident,  that  the  power  afts  to  the 
greatell  advantage  when  the  line  of  traftion,  or  the 
line  in  which  the  body  is  drawn,  is  in  rfie  direftion 
D  e,  parallel  to  the  inclined  plane.  When  thus  fi- 
tuated  therefore,  there  will  be  an  equiUbriiim,  when 
the  power  is  to  the  weight  of  the  body,  as  the  height 
of  the  plane  is  to  its  bale.  In  other  words,  the  me- 
chanical advantage  gained  by  the  inclined  plane  is  in. 
proportion  as  the  length  of  the  plane  exceeds  its 
height*.  Thus  if  a  weight  of  four  ounces  is  laid  on 
an  inclined  plane,  the  length  of  which  is  to  its  height 
as   1  to    I,  it  will  be  counterbalanced  by  a  weight 
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raile,  or  to  comprefs  bodies ;  and  to  put  it  in  a^ion 
the  blow  or  iKuck  is  commonly  given  with  a  hard 
body}  fuch  as  a  fledge  or  hammer,  though  fometimes 
the  prcffure  of  a  weight  is  employed.  The  refiftaifcc 
which  may  be  overcome  by  means  of  the  wedge,  <rf'- 
ten  depends  upon  the  tenacity  of  the  parts,  which  is 
difficult  to  eftimate.  The  percuflion  which  puts  the 
wedge  into  action  is  alfo  diHicuh  to  judge  of  by  the 
cffefts  of  prefliire:  on  this  account  the  theory  of  the 
vredge  is  not  fufceptiblc  of  great  precilicn.  But  ap- 
proaches may  be  made  to  precifion,  by  fubftituting 
powers,  the  abfolute  force  of  which  is  known,  as  of 
weights,  and  then  oblerving  what  proportion  there 
exifts  between  the  power  and  the  rcGftance  when  a 
wedge  is  introduced. 

Let  us  fuppofc  two  rollers  w,  n,  (fig.  3.)  the  one 
»  attached  to  the  cord  Im  e,  and  the  other  »  to  the 
COTd  n  i  d,  each  bearing  a  weight  of  10  lbs.  p  and  r, 
and  pafling  over  the  puUies  /  and  h  -,  and  let  us  iup- 
pcfe  alfo  that  the  bafe  a  h  o(  a  wedge  b  equal  to 
the  half  of  its  height  e  b.     It  will  then  require  a  prcf- 
fure of  5  lbs.  to  keep  this  wedge  in  cquilibrio  with  the 
Turn  of  the  two  weights,  which  is  equal  to   20  lbs, 
and  3  little  more  than  5  lbs.  to  fink  tlie  wedge  its 
whole  depth  c  i,  without  making  any  allowance  for 
friaion.     It  is  evident  by  the  conftrudion,  that  while 
iHe  wedge  is  funk  its  whole  depth  t  h,  the  two  weights 
yand  rwiJl  each  rife  one  half  of  / /,  which  is  equal 
to  a  bt  the  bafe  of  the  wedge.     And  as  it  is  required, 
in  producing  an  equilibrium,  that  the  power  Ihould 
be  to  the  refiftance  in  an  inverfe  ratio  to  the  velocity, 
or  to  the  fpace  through  which  two  bodies  move  in  the 
"  fame  lime,  it  is  clear  that  in  this  caff,  the  power 
tnuft  be  to  the  refiftance  r.s  'the  half  of  the  bafe  is  to 
the  height  of  the  wedge.     The  Iharper  die  wedge  i=, 
tliereforc. 
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or  cylinder  A  B  (fig.  5.)  upon  the  circumference  of 
which  is  cut  a  fpiraj  groove  or  gorge  CFG.  The 
paratioti  C  F  between  the  rounds  of  the  gorge  is 
called  the  thread  of  the  fcrew  ;  and  the  dtftance  C  G> 
vhich.  thetc  is  between  one  thread  and  another,  is 
oiled  the  _^ep  or  pace  of  the  fcrew. 

The  thread  and  the  gorge  are  fitted  fometimes  into 
acyEndrical  cavity  made  in  ajiiecc  of  metal  or  wood* 
which  is  fometimes  called  a  focket,  but  more  irc- 
qoendy  z  female /crev),  while  the  other  is  named  the 
■ifc,  or  principal  fcrew.  * 

It  is  eafy  10  fee  that  the  thread  of  a  fcrew  is  an  Jn- 
dined  plane,  at  the  bafc  of  the  cylinder  A  B  (fig.  5.) 
The  height  of  this  plane  is  the  pace  or  fpiral  of  the 
fcicw,  orj  which  is  the  fame  thing,  the  diftance  of  one 
thread  from  another :  its  bafe  is  the  circumference  of 
the  fcrew,  and  its  length  is  eftimated  by  this  circum- 
ference and  the  height  of  the  pacej  for  if  one  of  the 
threads  c  ^  is  developed,  it  will  form  with  its  pace  i  c, 
^  its  bafe,  or  the  circumference  a  c  o(  the  fcrew,  a 
"iangle  a  ^  c,  and  a  rectangle  at  c,  of  which  it  is  caly 
to  find  the  fide  a  by  fince  the  two  others  are  known,  z% 
Well  as  the  angle  at  c  .-  hence  by  a  fcrew  turning  in  Its 
focket  they  contlitutc  two  inclined  planes  fiiding  the 
one  upon  the  otiicr. 

Th'j  threads  of  fcrews  afiiime  different  forms  ac- 
cording to  tlie  materials  of  which  they  are  made,  or 
thaii  into  v.hich  they  .ire  lo  tiiter,  or  according  to  the 
efforts  they  arc  dtTigned  to  make.  In  wooden  fcrews 
the  thread*  C,  G,  l'j.ite  generally  angular,  which  add 
greatly  to  their  fttengili ;  for  by  tliis  form  they  have  z 
larger  bafe  upon  the  cylinder  which  fupports  them. 
This  form  is  allij  given  to  the  ilireada  of  thofe  fmall 
iron  fcrews  which  are  conical,  ending  a.Imoft  in  a 
point,  and  which  are  dtfigned  to  enter  into  wood,  in 
Vol.  I.  G  which 
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which  they  form  the  fockets  for  themfelves.  Drills 
and  gimbiecs  may  be  confiiiercd  as  of  the  fame  na- 
ture, the  fpiral  points  of  which  enter  the  wood  fo 
much  eafier  in  proportion  as  they  arc  (harper  at  the 
end.  But  with  refpeft  to  large  metal  fcrews  which 
are  ufed  for  prefles,  vices,  &c.  their  threads  are  gene- 
rally made  fquarc,  in  order  that  the  friiftion  may  be  in- 
creafed  by  augmenting  the  furfacc  of  each  thread;  for 
it  frequently  happens  that  the  principal  cfFcift  of  fcrews 
arifes  from  the  clofcncfs  of  the  friction:  this  form  hin- 
ders the  cheeks  or  chaps  of  the  vice  from  fwerving 
backwards, towhich  they  have  a  natural  tendency  by  the 
re-aftion  of  the  piece  which  they  prefs  between  them. 

Screws  are  ufed  principally  for  the  prefllng  of  bo- 
dies firmly  againft  each  other,  and  fumetimcs  for  raif- 
ing  weights  or  burdens,  or  for  forcing  b;ickwards  or 
fbtvards  certain  mafles  of  a  determinate  quantity.  For 
this  purpofe  a  m.ilc  and  female  fcrcw  are  made  ufe  of. 
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irom  another.  If  the  'power  is  applied  immediaeely 
to  the  fcrew,  the  fpace  it  palfes  through,  or  its  quan- 
tity of  motion,  is  j  c  (fig.  5.)  which  is  the  meafuie  of 
.the  circumference  of  (he  fcrcw,  and  the  motion  of  the 
KlifUnce  is  meafured  by  c  h,  the  width  of  one  pace  of 
the  fcrew.  But  as  it  is  common  to  turn  fcrews,  e(pe- 
cially  large  ones,  with  levers  or  Ibmething  equivalent, 
in  that  cafe  a  c  does  not  meafure  the  motive  force  of 
the  power ;  it  is,  on  the  contrary,  meafured  by  the 
drcumference  of  the  circle,  of  which  the  lever  D  E 
is  the  radius.  And  as  it  is  nccelTary,  in  order  to  main* 
tain  an  equilibrium,  that  the  powers  ihould  be  in  the 
invcrfe  ratio  of  their  vclocides,  it  may  be  eftablifhed 
a^  a  general  rule  in  ufing  fcrews,  if  we  make  no  ac- 
count of  the  frifVion,  that  the  power  is  to  the  refill- 
ance  as  the  height  of  the  pace  of  the  fcrew  is  to  the 
circumference  which  the  power  dcfcribes. 

The  ftrpetual  fcrew  differs  in  many  refpcfts  frorn 
that  which  has  now  been  defcribed.  It  is  a  cylinder, 
Hlhich  always  turns  in  the  fame  direction,  its  two  ex- 
tremities A  and  B  (fig.  6.)  being  carried  upon  folid 
pivots,  fo  that  its  aftion  is  perpetuated,  whence  it 
derives  its  name.  The  threads  2  i>  of  this  fcrew, 
which  are  generally  fquare,  coincide  with  the  teeth  of 
a  vertical  wheel  C  h,  which  carries  upon  its  axis  a  rol- 
ler Or  windlafs  T  with  a  cord,  to  which  is  faftened  the 
burden  P,  which  is  required  to  be  elevated.  A  very 
fmall  force,  therefore,  applied  to  the  handle  M  E  is 
fufficient  to  raifc  a  very  confiderable  burden  at  P, 
but  it  requires  confiderable  time,  from  the  invariable 
rule  in  mechanics,  that  whatever  is  gained  in  force  is 
loft  in  velocity. 

In  order  10  find  the  relation  between  the  weight  P 

and  the  force  or  power  Q^,  it  muft  firft  be  confulered 

that  the  weight  P  is  counterbalanced  immediately  by 

G  2  the 
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the  refinance  which  the  thread  b  of  the  fcrcw  oppoles 
to  the  tooth  of  the  wheel,  keeping  the  direci  ion  b  g  per- 
pendicular to  the  radius  C  b.  This  thread  b  therefore 
afls  by  the  radius  of  the  wheel  C  b,  whilft  the  weight 
P  3<fts  by  the  radius  of  the  roller  or  windlafs  C  (/ ;  fo 
that  to  niaintJin  an  equilibrium,  the  force  at  i  fliould 
be  to  the  weight  P  as  C  li  Biihe  radius  of  the  roller 
ts  to  the  radius  of  the  wheel  C  b.  Thus  the  re- 
lation which  the  weight  P  Ihould  have  to  the  power 
Q_in  cafe  of  an  equilibrium,  may  be  esprcfled  in  this 
manner.  The  weight  is  to  the  power  as  the  product 
of  the  radius  of  the  wheel,  multiplied  by  the  circum- 
ference which  the  radiut:  of  the  handle  defcribcs,  is 
to  the  produ(5t  of  the  radius  of  the  windlafs,  multiplied 
by  the  height  of  the  pace  of  the  fcrew. 

The  motion  of  the  wheel  being  exceedingly  flow  iir 
proportion  to  that  of  the  handle,  it  follows  that  a  very 
fmall  power  is  caplble  of  raifing  a  confiderablc  weight 
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*  the  lame  power  Q^would  produce  a  double  eff<ftj 
that  is,  ic 'would  raife  5,700  lbs. 

But  if,  without  changing  the  number  of  teeth  in  the 
wheel  C  b^  or  the  length  of  die  radius  EM  of  the  haa« 
dlci  another  perpetual  (crew  is  placed  upon  the  tais . 
of  the  wheel  inftead  of  the  wmdlafs  T,  the  thread  of 
^ch  fliould  catch  with  the  teeth  of  a  fecond  wheel . 
of  the  fame  number  of  teeth  with  the  firf^  and  to 
which  Ihould  be  annexed  the  windlals  T,  which  is  to 
fuftain  the  weight  Pj  then  the  fame  power  Qjieould 
be  capable  of  railing  a  weight  19'times  as  great  1  in 
other  words,  this  power,  intrinfically  only  30  lbs.  would 
be  able  to  raife  the  weight  of  54, 1 50  VbS^. 

Such  are  the  fimple  machines  which  have  been  ge- 
nerally confidered  as  the  bafes  of  all  others. 

If  all  the  materiab  of  which  machines  are  compofed 
^crc  pcrfeftly  hard,  pcrfeftly  polifhed,  and  if  the  ropes 
^hich  are  often  ufed  to  tranfmit  the  motive  force  froni 
one  part  of  the  machine  to  another  bad  a  perfeft  flexi- 
bility, the  theory  of  cquilibrity,  of  which  we  hav? 
Intherto  fpoken^  would  be  fufHcient  to  determine,  ia 
?vcry  cafe,  the  force  requifite  to  counterbalance  9 
given  refiftance ;  and  this  force  once  found,  it  would 
be  clear,  that  by  augmenting  it  ever  fo  litde,  the  equi- 
librium would  be  deflroyed  and  the  refinance  over** 
come ;  but  the  fridion  of  furies  one  againit  aq^r 
other,  and  the  refiftance  which  cords  produce  by  being 
wrapped  round  pullies  and  cylinders,  ncpcflarily  impede 
the  motion  of  machines  5  and  it  is  extremely  difficult 
(0  eftiipatCi  with  even  tolerable  exa&nefs,  the  amount 
of  the  refiftance  which  may   in   different  circuni^ 
/stances  proceed  from^ihefe  caufes. 
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Chap.    I. 

HISTORY   OF   THE  DISCOVERISS  RELATIVS 
TO    FIRE    AND    HEAT. 

OfiniMi  af  iht  jintitnti. — Of  Baton,  Bofit,  mti  Nputin/^^Of  Hm»- 
itrg,  Sgriwt/niJ,  and  Ltmtry.  < . .  fmilwlioi  tf  lit  TTJimWillli 
Op'imtrtefSairbaivot.—GrttttDifcavtryafDr,BllKi.  . 


indeed  the  E^ncureans,  as  well  as  the  Peripatedcs; 
item  to  have  confidercd  fire  as  a  diftinft  elementary 
fobfiancet  capable  of  combining  with  the  oth^  de- 
ments, but  by  no  means  the  matter  fit>m  which*  they 
are  originally  generated. 

The  hiftorjr  of  error  can  afihrd  but  little  inftni6tiofi» 
odierwiie  volumes  mighjt  be  filled  widi  the  fimtaftical 
ofMnions  which  have  been  from  tioK  to  time  entertaio^ 
cd  concerning  the  element  of  fire.  On  the  revival  of 
ktten  and  philoibphy,  our  illuftripus  Bacon,  in  a  trea* 
dfe  ei^r^isly  written  upon  the  fut^edl  %  endeavours  * 
to  prove,  that  heat  is  no  other  than  an  inteftine  motioo 
or  vibration  in  the  parts  of  bodies  i  and.  he  w^s  foU 
lowed  by  mod  of  the  phibfophers  of  this  kingdoni 
doriog  die  laft  century.  The  opinion^  of  Bacon  is  fup^ 
ported  by  a  variety  of  £ids,  which  are  adduced  by 
Mr,  Boyle  in  a  diflertatipn  on  the  Mechanical  origin  of 
hat  and  celd  f  $  nor  does  the  fyftem  appear  repugnant 
to  the  fenriments  of  Newton;  though  he  fpeaks  of  it 
with  that  diffidence  which  is  always  ojbfervable  in  his 
writings,  when  treating  of  fafts  not  abfolutcly  demon* 
ftrated  by  experiments  of  his  own  \. 

Notwidiftanding  the  reputation  of  the  Englifh  phi* 
lofophy,  this  theory  was  rectived  with  great  leluftancc 
abroad  The  celebrated  Homberg,  Sgravefend,  and 
Lemery  the  younger,  aflert,  that  fire  is  a  diftin£t  fubr 
Ihuice  or  body,  which  enters  into  combination  with 
all  other  bodies,  pervades  all  bodies,  and  may  be  again 
expelled  fi'om  them  by  violent  motion  or  comprelfion^ 

♦  Dc  Forma  Calidi. 

t  Mr>  Boyle,  hovirerer/thoogli  thas  apparently  deceived  with 
refpeift  to  the  canfe  of  heat*  in  another  eflky  reafons  juftly  with  re- 
aped to  its  effedb.  He  confiders  ice  not  as  the  preternatural  ilate 
Qi  water,  bpt  water  as  ice  preternatv  rally  thawed,  by  heat* 

BoyU  on  the  not.  and  preternat.  State  ofSodia^ 

X  Optics,  318.349. 

G  4  though 
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thou^  the  fire  is  ceruinljr  not  generated  by  fuch  mo- 
tion ". 

One  of  thefe  philofophers  (M.  Lemery)  indeed  car- 
ried his  fyftem,  much  further,  and  made  a  very  near 
approach  to  the  received  doftrines  of  the  prefent  day. 
He  aflcrted,  that  fire  is  noi  only  contained  in  thofe 
bodies  which  are  Inflammable,  but  even  in  water  itfclC 
Ice  he  affirmed  K>  be  the  natural  ftate  of  water}  and 
he  added,  that  the  fluidity  of  that  fubftance  is  a  real  - 
fufion,  like  that  of  metak  expofed  to  the  fire,  only  dif-. 
fering  as  to  the  quantity  of  heat  neceOkry  to  prefervc 
it  in  fufion  f, 

About  the  commencement  of  the  laft  century  in^ 
ftruments  were  firft  contrived  for  meafuring  the  heat 
of  bodies  by  the  degree  of  expanfionj  and  this  inven- 
tion fcemed  to  give  fome  colour  to  the  hypothcfis  of 
the  German  philofophers,  fince  it  is  not  very  clear 
how  a  mere  increafe  of  motion  can  increafe  the  ex- 
obferved. 
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die  degrees  of  hcau  Spirit  of  wine  was  employed  by  ! 
die  Florentine  academicians,  and  oil  was  afterward 
made  ufe  of  by  Sir  Ifaac  Newton,  who  conftituted  the 
points  at  which  water  freezes,  and  that  at  which  the 
fame  Buid  boils  or  aflumes  the  form  of  vapour,  as 
extreme  points  of  his  fcale  of  heat.  Thefe  thermome- 
ters were  however  fupcrfedcd,  at  Icaft  in  England  and 
Germany,  by  the  invention  of  Olaus  Roemcr,  after- 
mrds  improved  by  Fahrenheit,  who  fubftituted  mer- 
cury in  the  place  of  the  other  fluids  which  had  previ- 
oufly  been  employed  in  the '  con(tru<ftion  of  thermo. 
meters. 

The  fagacious  and  learned  Boerhaave,  both  by  his 
own  experiments  and  by  his  attention  to  thofe  of  others, 
contributed  greatly  to  the  elucidation  of  the  doftrinc 
«f  heat  and  fire.    He  was  a  ftrenuous  aflcrter  of  the 
esiftence  of  fire  as  a  diftlnft  elementary  fubftance. 
Espanfion  or  rarefaftion  he  confidcrs  as  the  uniform 
lignor  Criterion  of  its  exiftence  in  other  bodies.    The 
ptoduftion  of  fire  from  the  attrition  of  two  hard  bo- 
dies, as  a  flint  and  fteel,  or  two  pieces  of  hard  wood, 
&c,  he  accounts  for,  by  fuppofing  that  the  parts  of 
thcfe  bodies  will  every  moment  be  violently  compref- 
fft},  which  will  excite  in  them,  by  their  re-aftlon,  a 
vibratory  motion,  and  this  will  neceffarijy  excite  and 
Mpel  the  fire  which  exiftcd  latent  in  their  pores  j  and 
as  fire  is  capable  of  being  produced  in  this  manner  by 
the  violent  attrition  or  motion  of  all  bodies,  he  infers 
that  it  is  prefenc  through  every  part  of  nature;  yet, 
fincc  it  is  expelled  by  the  attrition  or  vibration  of  the 
panicles,  he  thinks  it  is  clear  that  it  does  not  penetrate 
chc  integrant  or  elementary  particles  of  bodies,  but 
exilts  only  in  their  pores  or  interftices.    As  fire  is  fijp- 
poicd  to  exilt  in  all  bodies,  he  proves  its  exifi:ence  in 
air  and  water;  and  agrees  in  opinion  with  the  younger 
{ornery,  that  ice  is  the  natural  Itate  of  water,  and  that 
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it  is,  kept  in  a  fluid  ftate  by  a  quantity  of  fire  which  U 
ablbrbs. 

There  Is  a  perioi,!  when  the  minds  of  men^rc  pre- 
pared for  the  reception,  as  well  as  fur  the  prolecution, 
of  great  difcoverics  in  fcience.  The  hints,  for  they  are 
little  more,  which  had  been  afFarded  by  thefe  philo- 
fophers,  appear  to  have  made  little  imprelTion  j  and 
the  nature  of  heat,  fire,  and  fluidity  feems  to  liave  been 
involved  in  obfcurity  and  contradidbion,  till  the  genius 
and  induftry  of  Dr.  Black,  of  Edinburgh,  developed 
a  fyftein,  which  explains  fatisfaftorily  a  variety  of  the 
moll;  curious  and  difficult  phenomena  in  nature.  By 
a  number  of  nice  obfervations,  he  was  enabled  to  de- 
Krminc  that  abfolute  heat  or  fire  was  ablbrbed  by  ali 
bodies  whatever,  and  that  it  was  abforbed  in  greater 
quantities  by  fluid  than  by  folid  fubftances;  heat  there- 
fore he  confidered  as  the  caufe  of  fluidity.  He  found 
further,  that  bodies  in  pafTing  from  a  folid  to  a  fluid 
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both  of  the  vapour  and  of  the  remaining  water  im- 
mediately funk  to  the  boiling  point.  It  was  evident 
therefore  that  the  fuperfluous  heat  was  abforbed  by  the 
vapour,  and  as  the  quantity  of  water  which  was  loft 
l^  the  procefs  was  not  great,  id  followed  that  a  confi- 
derable  quantity  of  the  matter  of  heat  or  fire  is  neccf- 
iary  to  keep  water  in  a  ftate  of  vapour.  When  any 
quantity  of  heat  is  expelled  froin  a  body,  in  fuch  a 
manner  as  to  afFefb  our  touch,  it  is  termed,  according 
to  Dr.  Black's  theory,  Jenftble  heat ;  and  when  it  is 
liUbrbed  by  any  body,  and  exifts  in  combination  with 
that  bd^,  either  in  a  fluid  or  vapourific  ftate,  it  i5 
lermed  latent  heat.  It  is  alfo  evident  from  what  has 
been  ftated,  that  the  opinion  of  thefe  later  philofophers 
is,  that  heat  or  fire,  which  has  alfo  been  called  igneous 
Jluidi  mutter  of  beat^  and  lately  by  the  French  chemifts. 
caloric^  is  a  diftinft  fubftancc  or  fluid,  which  has  an  at-  / 
traftion  for  all  other  fubftances ;  that  it  pervades  itioft 
bodies ;  that  it  is  the  only  permanent  fluid  in  nature, 
and  the  caufe  of  fluidity  in  all  other  bodies.  That 
not  only  common  fluids,  fuch  as  water,  but  all  qlaftic 
fluids,  fuch  as  vapour  and  air,  owe  their  exiftence  in 
that  ftate  to  the  prefence  of  heat  ^  and  that  it  is  fubjeft 
to  all  the  laws  of  attraftion,  and  is  more  forcibly  at- 
crafted  by  fome  bodies  than  by  others. 

The  fchool  of  Dr,  Black  fcems  to  have  confidered 
light  and  heat  as  eflTentially  diff'erent;  and  Dr.  Scheele, 
a  Swedifli  philofopher,  has  endeavoured  to  prove,  that 
light  is  formed  by  an  union  of  the  matter  of  heat  with 
phlogifton  or  the  inflammable  principle:  but  this 
ihcory  is  now  exploded. 

Upon  the  theory  of  Dr.  Black,  the  late  ingenious 
Pr.  Crawford  ♦  has  founded  a  very  curious  fyftem  con- 
cerning 

♦  I  cannot  ii\entloii  this  truly  amiable  plulofopher,  without  a 
^it  tribute  to  lu5  memory,  rtowgl^  it  )m  apparently  little  con- 
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cerning  ihe  generation  of  heat  within  animal  bt^Jies, 
which  he  confiders  as  derived  from  the  air  we  breathe. 
The  air  being  condenfed  on  the  lungs,  the  heat  which 
it  contained  in  a  latent  Hate  is  abforbed  and  di(perled 
over  the  animal  body. — But  this  is  a  fubjeft  which 
properly  belongs  to  another  par:  of  the  work. 

neaion  with  the  fiibjefl.  No  man  was  ever  beitcT  calculated  for 
promoting  ufeful  fcience  than  Dr.  Crawford.  In  him  induihy  and 
perfeverancc  were  eftablifhed  habits;  and  candour  and  caodon 
charafleriflic  diipofitions.  With  all  the  advanngcs  of  a  liberal 
cducattoii,  he  united  great  natural  (agaciiy,  acutenffs,  and  inge- 
•uity ;  yet  the  laft  quality  was  tempered  by  a  coolnels  and  collefl- 
ednefs  of  mind,  which  efFeflually  prevented  his  too  hallily  acced- 
ing to  the  rafh  conclufions  of  plaufible  theory.  With  all  hii  excel- 
lence as  a  fcientific  man,  he  polTcfled  the  gertleft  of  tempers,  the 
mofl  friendly  heart.— From  his  promifed  rcvifion  of  this  work,  I 
had  flattered  myfelf  with  great  advantages ;  but  what  are  private 
lolTes  compared  with  that  of  the  public !  If,  after  having  ferved  his 
country  in  a  public  capacity,  the  family  of  fuel)  a  man  Ihould  be 
left  in  LDdigeQte,  to  what  a  iUte  is  the  aajtonal  fpirit  reduced  1 
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Chap.    II. 

OF   FIRE   (CALORIC)   AND   ITS   PROPERTIES* 

Im^tdry  «whetb€r  Heat  or  Fire  is  a  Suhftance  or  Quality, -^F ire  a  Sxh" 
fiaxee.^'^ApfUcation  of  this  Doilrinej-^Analogy  betnjteen  Heat  and 

Light. ^^OhjeSions.'-^Froferties  of  Fire   or  Caloric  \    Minutenefs 

rf  Particles ;  attra£led  hy  all  Bodies, "^ConduSing  Foyers  ofdif* 
fereni  Bodies. ^^Caufe  of  Fluidity  .^^Why  Heat  is-  produced  hy 
JLuking  Limti  and  hy  certain  Mixtures  of  cold  SuhJlauces,^^Freex^ 

img  of  Water  hy  the  Fire  Side  cxflained.'^Fire  the  moft  elafiic 

afaJH  Bodies. 

THE  ckrrtcntof  fire  is  only  known  by  its^ffcfts; 
fo  fubtile  and  evafive  indeed  is  this  wonderful 
fluid,  fo  various  are  the  forms  which  it  a/Tumes  in  the 
diffi^rent  departments  of  nature  which  it  occupies,  that 
its  very  exiftence,  we  have  feen,  has  been  queftioned 
by  fome  philofophers. ' 

Heat,  fay  thefe  theorifts,  is  nothing  more  than  an 
inteftine  motion  of  the  moft  fubtile  particles  of  bodies. 
Fire  is  ho  other  than  this  motion  increafed  to  a  cer- 
tain degree,  in  other  words,  a  body  heated  very  hot ; 
and  flame  is  no  more  Jian  ignited  vapour,  that  is,  va- 
pour, the  particles  of  which  are  agitated  in  an  extra- 
ordinary degree. 

In  fupport  of  this  theory  it  is  allcdged,  i.  That 
motion  in  all  cafes  is  known  to  generate  heat;  and  if 
continued  to  a  certain  degree,  actual  ignition  will  be 
produced,  as  the  friction  of  two  pieces  of  wood  will 
firft  produce  heat,  and  afterwards  fire;  an  J  the  motion 
of  a  glafs  globe  upon  an  elaftic  cufliion  will  caufe  a 
ftream  of  fire  to  be  copioufly  ciiMCCed.  2d!y,  Bodies 
which  are  moft  fufceptible  of*  inteftine  motion,  are 
moft  readily  heated,  jdly,  Motion  always  accompa- 
nies 
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nies  fire  or  heatj  as  is  evident  on  mixing  oil  of  tur- 
pentine and  vitriolic  acid;  and  the  heat  fcems  in  moft 
cafcs  to  bear  a  proportion  to  the  degree  of  mocion  or 
agitation.  In  the  boillnt;  of  water,  and  in  the  hifJing 
of  heated  iron  when  applied  to  a  fluid,  this  motion  is 
evidently  manifefled.  4thly,  Jf  the  particles  of  any 
body  are  cxcitud  to  a  violent  degree  of  inteftine  mo- 
tion, by  attrition,  ferment:!Lion,  &c.  if  they  do  not 
actually  emit  Barnes,  they  will  yet  be  dilpofed  to  catch 
fire  with  the  utmoU:  facility;  as  in  the  diftiliation  of 
fpirit?,  if  the  head  of  the  ftill  is  removed,  the  vapours 
will  inflantly  be  converted  into  flame  if  brought  into 
contaft  with  a  lighted  catidle,  or  any  other  ignited 
body.  Laftly,  Heated  bodies  receive  no  acceflion  of 
weight,  which  they  apparently  ought  to  do,  on  another 
body  being  introduced  into  their  pores. 

Piriiifible  as  this  reafuning  appears  at  firft  fight,  the 
hypothefis  which  aHigns  exiftence  to  the  principle  of 
fire,  as  a  diftlnft  elementary  principle,  is  fupported  bv 
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reality  of  which  has  never  been,  doubted.  CharcoaU 
in  its  natural  ilate,  contains  within  its  pores  a  large 
quantity  of  air ;  buD  if  charcoal  is  heated,  this  air  is 
expelled  by  the  fire,  which  afiunies  its  place,  and  i^^ 
cupies  the  pores  of  the  charcoal.  The  burning  of 
lime  alfo,  which  deprives  it  of  a  great  part  of  its 
weight  by  expelling  the  fixable  air,  demonftrates  that 
fire,  as  a  fubftance,  enters  into  the  pores  of  the  lime, 
and  forces  out  thofe  other  fubftances  which  are  lead 
intimately  combined  with  it. 

jdly.  All  the  evidence  of  our  fenfe,  and  many  in- 
dubitable experiments,  prove  that  light,  which  many 
fiippofe  to  be  fire  in  a  projeftile  ftate,  is  a  fubftance. 
Bocrhaave  concentrated  the  rays  of  the  fun  in  a  very 
ftrong  burning-glafs,  and  by  throwing  them  upon  the 
needle  of  a  compafs,  the  needle  was  put  in  morion  by 
the  force  of  the  rays,  as  it  would  have  been  by  a  blaft 
of  air,  or  a  ftroke  from  fome  other  body.  But  this 
experiment  was  purfued  with  ftill  fuperior  fuccefs,  by 
a  late  ingenious  philofopher  *.  He  conftrufted  an 
inftrument,  in  the  form  of  a  fmall  vane  or  weather- 
cock. It  confifted  of  a  very  thin  plate  of  copper,  of 
about  one  inch  (quare,  which  was  attached  to  one  of 
the  fineft  harpfichord  wires,  about  ten  inclies  long. 
To  the  middle  of  the  wire  was  fixed  an  agate  cap, 
fuch  as  is  ufed  for  the  fmalleft  mariners'  compaflcs, 
after  the  manner  of  which  it  was  intended  to  turn ; 
and  the  copper  plate  was  balanced  on  the  other  fide  by 
a  grain  of  fmall  fhot.  The  inftrument  weighed  ten 
grains  j  and  to  prevent  its  being  afitfted  by  the  vibra- 
tions of  the  air,  it  was  inclofed  in  a  glafs  box.  The 
rays  of  the  fun  were  thrown  upon  the  plate  of  copper 

*  Mr.  Mitchell.— See  a  fuller  defcription  of  his  inftrument  and 
experiments^  in  ;he  Phil.  Tranf.  and  PrieAley's  Opucs,  p.  387. 
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from  a  concave  mirror  of  two  feet  in  diameter;  in 
confequence  of  which  the  vane  or  copper  plate*  moved 
on  repeated  trials  with  a  gradual  motion,  of  about  one 
inch  in  a  fecond  of  time.  This  experiment  I  think 
a  fufficient  demonftration,  if  any  demonftration  was 
wanted,  that  light  at  leaft  is  a  fubftance.  Of  the  iden- 
tity of  tight,  heat,  and  6re>  I  £hall  have  occalion  after- 
wards to  treat. 

4thly.  Tiie  eleftric  fire  affcfts  bodies  with  a  true  • 
corporeal  percuflion  *  ;  and  that  this  effeft  is  not  ow- 
ing to  the  vibration  of  the  air,  or  any  medium  but  that 
of  fire  itfelf,  is  proved  by  many  experiments  in  vacuo, 
&c.  Now,  if  one  fpecies  of  fire  is  allowed  to  be  ma- 
terial, there  fecms  to  be  no  reafon  why  we  (hould 
deny  the  fame  attribute  to  the  reft. 

5t!ily.  It  is  not  eafy  to  conceive  how  a  body  can  be 
expanded  by  motion  alone  j  and  it  is  much  more  na-  , 
tural  to  fuppofc,  that  bodies  are  expanded  by  the  in- 
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'  on  the  contrary,  nothing  is  more  natural  than  that  the 
entrance  of  an  exceedingly  elaftic  fubftance  into  the 
pores  of  another  body  fliould  ^xcite  fome  degree  of 
inteftine  motior),  as  well  as  the  emiflion  of  the  fame 
fubftance,  which  muft  occafion  fome  degree  of  con- 
tradion  in  the  particles  of  the  body.  Heat  is  indeed 
crcited  by  the  attrition  of  two  pieces  of  wood ;  but 
why  may  not  the  fire  in  that  cafe  be  expelled  from  the 
wood  by  the  vibration  or  contraftion  of  its  fibres  *, 
or  from  the  air  which  occaGonally  interpofes  itfelf  ?  In 
the  fame  manner  a  piece  of  lead  will  become  hot  by 
hammering;  but  lead,  and  all  metals,  are  known  to 
contain  a  quantity  of  fire  in  a  latent  ftate,  which  indeed 
occafionally  caufes  their  expanfion  or  dilatation  j  it 
is  then  the  more  probable  fuppofitlon,  that  the  fire 
or  caloric  is  expelled  from  the  lead  by  the  hammer- 
ing and  contraftion  of  the  metal,  and  this  is  rendered 
ftill  more  probable,  fince  the  contrjftion  or  compref- 
fion  of  the  metal  in  a  vice  will  produce  the  fame 
cfiTeft.  The  inftance  taken  from  the  inflammability 
of  the  fteam  of  fpiricuous  liquors  will  be  perfeftly  ex- 
plained when  I  fpeak  of  fteam  or  vapour ;  befides 
that,  thefe  liquors  are  amongft  the  moft  inflammable 
fubftances  with  which  we  are  acquainted,  and  their 
particles,  being  in  a  rarefied  ftate,  will  be  more  fubjeft 
to  thofe  natural  forces,  which  in  all  fl:ates  are  known 
to  aft  upon  them.  There  is  no  increafe  of  gravity 
in  hpated  bodies,  becnufe  of  tite  great  clafticlty  of  ca- 
loric or  the  matter  of  fire,  which  expands  the  bodies 
into  which  it  enters,  and  confequcntly  rather  diminilhes 
their  fpecific  gravities. 

Sthly.  Al!  the  other  phenomena  of  nature  arc  more 

"  If  the  parts  of  a  body,  contaiyiing  any  fluid,  are  mide  to  vi- 
brate llror.g'.y.  they  ulll  in  genera!  expel  a  pari  of  thv  fluid  out  of 
if.',  pores. — Nuhiljit,  Vol.  I!,  p.  123. 

Vol.  I.  H  fatisfaftorily 
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fttisfaftorily  accounted  for,  on  the  principle  that  6re 
is  a  diftinft  fubftance,  than  on  that  whick  luppotVs  it  a 
mere  quality,  depending  on  the  tremor  or  inteftine 
motion  of  bodies. 

Heat  and  lighr  are  the  only  means  by  which  we 
are  enabled  to  difcover  the  prelcnce  of  fire,  I  con- 
clude, therefore,  that  they  arc  both  efFcifts  of  the  fam^ 
caufc.  The  rays  of  the  fun,  when  concentrated  to  4 
certain  degree,  produce  intenfe  heat;  and  heat,  when- 
violently  excited  by  attrition,  &c.  if  die  body  in  which 
it  is  excited  is  in  favoiiraJjle  c'lrcumftances,  will  gene- 
rally terminate  in  flame,  and  confeqiiently  in  the  cniif- 
fton  of  light.  This  hypothefis  receives  a  fljong  con- 
firmation from  an  experiment  of  Mr.  Eoyle.  He  co- 
loured the  furface  of  3  large  tile,  one  half  white,  and 
the  other  black :  after  fuffering  it  to  lie  for  fome 
time,  expofed  to  the  funnmer  fun,  he  found  that  while 
the  whited  part  of  the  furface,  or  that  part  which  fc- 
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iS^t  rays  of  lights  had  imbibed  fcarcely  any  heat  what-* 
ever. 

The  only  objeftion  of  any  moment  which  has  arifcn 
againft  this  do6lrine  is^  that  there  exift  certain  bodies^ 
fuch  as  what  are  called  the  folar  phofphori,  putrefcent 
fubftances,  and  rotten  wood^  which  emit  or  refle£t 
light,  without  apparently  poflefling  the  fmalleft  quan*- 
tity  of  fenlible  heat.  If  however  we  confider  the  ex- 
treme weaknefs  of  the  light  which  is  emitted  by  thefe 
fubftanccsy  the  objedion  will  appear  to  have  little 
force.  The  mod  concentrated  moon-light^  in  the 
focus  of  a  concave  mirror,  is  not  more  than  the  three 
hundredth  part  of  the  intenfity  of  common  funfhine  *  5 
and  yet  the  light  from  thefe  fubflances  is  not  to  be 
compared  with  that  of  the  moon.  Nay,  the  analogy 
between  heat  and  light  receives  confirmation  from 
dicfe  very  fubftances ;  for  the  property  which  they 
poflefs  of  emitting  light,  is  greatly  increafed  by  an 
accefTion  of  heat;  and  even  phofphori,  in  which  the 
light  has  for  fome  fpace  of  time  been  dormant,  or  in 
which  it  is  apparently  exhaufted,  will  emit  light  upon 
the  application  of  heat  alone  f . 

I  conceive  fire  therefore,  or  caloric,  as  termed  by 
the  French  chemifts,  to  be  the  elementary  principle 
or  caufc  of  heat  and  light.  Caloric  in  a  difengaged 
ftate,  or  in  the  aft  of  pafTing  from  one  body  to  another, 
impreffes  our  organs  with  the  fenfe  of  heat ;  and  in  a 
rarefied  and  projedtile  ftate,  it  probably  conftitutes  the 
matter  of  light.  Confiftendy  with  thefe  principles,  the 
fun  may  be  confidcred  ^s  the  great  fource  of  fire, 
whence  it  is  diftributed  to^all  the  difii^rcnt  bodies  in 
our  folar  fyftem.     On  the  fame  ground  alfo,  cold  is 

•  Sec  a  note  by  the  ingenious  tranflaior  of  Fourcroy%  Leftures, 
Vol.  I.  p.  123. 

t  Priclllcy's  Optics,  part  iv.  f.  i. 
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univcrfallv  nllfiwed  to  be  a  mere  negative  qiiality,  and 
to  mean  nothing  more  than  the  abfence  of  heat  or 
fire. 

It  appears  the  mod  convenient  form  of  treating  this 
important  fubjeft,  firft  to  confidcr  caloric  or  the  mat- 
ter of"  fire  iti  its  capacity  of  exciting  heat  and  produc- 
ing expanfion  ;  and  fecondly,  to  direft  our  attention  to 
the  various  phenomena  which  it  exhibits  in  its  latent 
or  combined  ftatc,  as  the  efficient  caufe  of  fluidity 
both  in  the  incompreifible  and  elaftic  or  aerial  fluids. 
I  Ihall  firft  enter  into  a  brief  detail  of  the  principal 
and  known  properties  of  caloric;  and  Ihill  afterwards 
illuftrate  thtfe  properdes  by  its  cfFctts  in  different  in- 
ftanccs. 

Firft.  The  particles  offre  appear  to  be  more  mi- 
n»!e  than  thofe  of  any  other  fubftance  whatever,  k 
penetrates  all  bodies  with  the  utmoft  eafe.  If  the 
pores  of  a  body  are  difpofed  in  right  lines,  lb  as  to 
admit  the  pafiage  of  fire  without  impeding  its  velo- 
city, it  will  be  tranfmicred  in  the  fta.e  of  light  as  well 
as  in  its  ordinary  ftate,  when  it  excites  the  fcnfiuion  of 
heat  i  as  is  the  cafe  with  all  tranfparent  or  diaphanous 
bodies.     But  there  is  no  body,  however  dcnfe,  which 
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tad  with  a  cold  one,  the  former  lofcs  a  part  of  its 
hat,  and  both  of  them  become  equally  warm.  If 
hrated  iron  is  laid  upon  a  ftone,  its  heat  will  flow  into 
thcftonci  if  thrown  into  water,  the  heat  will  be  dif- 
fiifcd  through  the  water.  If  a  number  of  different 
fubdances,  as  metals,  wood,  wool,  &c.  arc  brought 
together  into  a  place  where  there  is  not  a  firr,  if  they 
arc  of  jdifft^nr  temperatures,  that  is,  of  different  de- 
grees of  heat,  the  fire  will  be  attrafted  from  the  hot- 
tcft  to  ihofc  that  are  colder,  till  a  pcrfeft  equilibrium 
it  produced,  or  till  they  have  all  acquired  the  fame 
temperature,  as  may  be  proved  by  applying  the  tlier-, 
oiometcr  fucceffively  to  each  of  them. 

It  does  not  appear,  however,  that  all  bodies  have 
an  equal  attraftion  for  the  matter  of  fire.  If  a  rod  of 
iron  is  put  into  the  fire  for  a  fhort  time,  the  end  which 
is  at  a  moderate  diftance  from  the  fire  vail  almoft 
burn  the  hand  j  but  a  rod  of  wood,  of  the  fame  length 
will  b;  confumed  to  afhes  at  the  end  which  is  in  the 
fife  before  the  other  end  is  fufF.cicntly  heated  to  burn 
tilt  hand.  A  ball  of  lead  and  a  ball  of  wool  may  be 
of  exactly  the  fame  temperawre  bv  the  thermometer, 
hut  they  will  not  appear  of  the  fime  degree  of  heat 
on  applying  the  hand.  If  they  arc  of  a  temperature 
bfiow  that  of  our  bodies,  the  lead  will  appear  much 
colder  than  the  wool,  becaiif;  it  attrafts  the  heat  more 
rapidly  from  the  hand  ;  if  they  are  of  a  higher  tem- 
perature, the  lead  will  appear  much  hotter,  from  the 
facility  with  which  it  parts  with  its  heat.  This  pro- 
perty in  bodies  is  called  their  condiuUng  power  ;  and 
liiofe  bodies' through  which  the  cleir.tT.t  of  fire  mofl 
rapidly  circulates,  are  called  good  conduftors. 

The  power  of  conducing  the  matter  of  fire  fccms 

lia  depend  upon  the  texture  of  bodies,  that  is,  upon  tin: 

H  J  conraci 
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concaft  of  their  parts  •  -,  hence  the  excelTivc  flownefs 
■with  which  heat  is  communicatcrf  to  bodies  of  a  nre 
and  fpL  ngy  texture.  Thus  flannel,  wool,  and  feathers, 
arc  confidercd  as  warm  coverings,  not  becaufe  they 
pofleis  more  heat  in  themfelves  (for  theyferve  to  pre- 
ferve  any  co!d  body  in  a.  cool  ftate  better  than  other 
fubftances)  but  becaufc  they  prevent  the  efcape  of  the 
animal  heat  from  our  bodies.  It  is  a  well-known 
faft,  that  ice  is  generally  kept  in  ice-houfes  in  ftraw 
or  wool,  thofe  fubftances,  from  the  rarity  of  their  parts, 
preventing  the  entrance  of  the  matter  of  heat.  On 
the  fame  principle  the  ground  is  kept  warm  by  fnow, 
that  fubftance  being  of  a  foft  and  (pongy  texture.  It 
is  true  it  will  not  keep  the  ground  warmer  than  the 
freezing  point;  but  that  is  warm,  when  compared 
with  the  intenfe  cold  which  is  occafionally  exptrienced 
in  moft  northern  climates. 

An  ingenious  and  accurate  experimentalift  has  lately 
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compared  with  that  of  the  vacuum^  is  nearly  as  i>ooo 
fi)  605. 
A  moift  air  condu(^  the  matter  of  Are  with  much 

greater  rapidity  than  a  dry  air ;  but  the  rarity  or  dear 
fity  of  the  air  appears^  to  have  litde  effcdt  upon  it$ 
oondu&ing  powen 

The  proportion  of  the  cendufling  power  in  the 
different  fubftances  which  were  the  objedts  of  his  ex- 
periments, is  as  follows : 

Mercury  ------.--     1,000 

Moid  air---------        330 

Water      ---------       31J 

Common  air,  the  barom.  at  27  inc*  9  lines  -    80r\^ 
Rarified  air,  —  barom,  at   6  -  1 1  lines  -    So-rW 
The  fame,    -   -  barom.  at    i  -     2     -     -    7  8 
The  Torricellian  vacuum'    -----55* 

From  the  different  effecjls  of  bodies  upon  our  feel- 
ings, according  to  their  conducing  powers,  arifes  the 
diftindion  which  philofophers  have  made  betweea 
abfolute  and  fenfible  heat.  It  will  be  remembered,  that 
the  fenfadon  of  hot  is  the  entrance  of  caloric  or  heat 
into  our  bodies,  and  the  fenfation  of  cold  is  its  depar- 
ture from  them  f  •  Thefe  circumftances  render  the 
fenfes  of  animals  a  very  inaccurate  meafure  of  heat  1 
rfpecially  if  we  confider  further,  that  much  will  alfo 
depend  upon  the  ftate  of  the  organ  of  feeling  at  the 
particular  time.  Water,  at  the  temperature  of  62'', 
appears  cold  to  a  warm  hand  i  but  it  will  appear  warm 

•  Sir  Benj.  Thompfon's  (now  Count  Rumford)  Experiments 
on  Heat.     Phil.  Tranf.  vol.  Ixxvi. 

t  The  fuddcn  and  unexpeded  application  of  an  extremely  cold 
fubilance  to  the  human  body,  produces  a  fenfation  very  funilar  to 
tbat  of  a  hot  one. 

II    4  ID 
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to  a  hand  »  hich  is  of  a  lower  temperature  *.  Tra- 
vellers, therefore,  from  a  warm  to  a  cold  country, 
will  have  fenfations  very  different  from  thofe  who  tra- 
vel in  an  oppofite  dire^ion,  fliould  they  happen  to 
meet,  as  they  frequently  do,  in  a  teniperatc  climate. 
It  is  evident  that  the  travellers  from  a  cold  climate, 
being  deprived  of  lels  heat  than  ufua!,  will  have  the 
fenfation  of  warmth ;  and  the  others,  on  the  contrary, 
wili  experience  a  degree  of  cold  fufficient  to  excite 
conliderable  uneallnefs. 

3dly.  The  matter  of  fire  will  exift  in  a  ftate  of  com- 
bination. I  do  not  contend  for  the  term  chemical 
combination,  in  the  ftridl  and  literal  fenfe  of  the  word  i 
it  is  fufRcienc  if  it  can  be  proved,  that  caloric  may  exift 
in  bodies  in  a  latent  ftate,  or  in  a  ftate  not  perceptible 
to  our  fcnfes.  It  will  be  found  by  obfervation,  that 
every  body  which  exifts  contains  a  quantity  of  the 
matter  of  fire  in  this  fixed  or  neutralized  ftate,  difarm- 
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dty  of  which  keeps  their  particles  remote  from  each 
other,  and  prevents  their  Bxing  into  a  foUd  mafs.  All 
■  bodies,  therefore,  in  pafling  from  a  fluid  to  a  fohd  ftaie, 
emit  a  quandty  of  Bre  or  heat.  When  water  is  thrown 
upon  quick-lime,  it  is  abforbcd  by  the  lime,  and  in 
this  ftate  it  is  capable  of  retaining  a  much  fmaller  quan- 
tity of  caloric  than  in  its  natural  ftate  ;  on  the  flacking 
of  lime  therefore  a  very  intenfe  heat  is  produced,  the 
matter  of  fire  which  prelerved  the  water  fluid  being 
difcng^d  and  detached.  If  fpirit  of  vitriol  is  added 
toftrongoil  of  turpcnone,  they  will  condenfc  into  a 
Md  mafs,  and  a  great  quantity  of  heat  will  be  fen- 
BJtf  envttcd.  If  water  is  expofed  to  freeze,  and  a 
ihcrmometer  applied  to  it,  during  the  aft  of  freezing, 
OrpafTing  from  a  fluid  to  a  folid  ftate,  it  will  be  found 
feveral  degrees  warmer  than  the  air  which  ftirrounds 
it,  which  is  owing  to  the  caloric  or  fire  emitted  by  that 
part  of  the  water  which  is  converted  into  ire.  I'his 
effect  is  ftiU  more  apparent  from  the  contlcnfation  <!f 
tlic  elaftic  fluids,  which,  from  their  rarity,  contain  a 
greater  proportion  of  the  matter  of  firti. 

Upon  the  fame  principle  it  will  be  found,  on  the 
other  hand,  that  when  any  body  paflis  from  a  folid  to 
aftuid  ftate,  the  adjacent  bodies  will  be  deprived  of  a 
quantity  of  their  natural  iieat.  Thus  if  a  qiiantiry  of 
aqua-fortis  is  poured  upon  folid  ice,  the  ice  immedi- 
ately liquifies,  and  an  aftoniftiing  degree  of  cold  is  in- 
flantly  produced,  even  by  the  fire  fide  ;  this  effeCl  is 
altogedier  owing  to  the  quantity  of  caloric  which  is 
abforbed  by  the  congealed  water  realTuming  its  fluid 
form.  This  experiment  will  ferve  to  explain  the  faft 
that  a  thaw  is  generally  colder  than'  the  commence- 
ment of  a  froft.  The  abforption  of  the  matter  of  fire 
is  further  exemplified  in  the  inftance  of  bodies  pafling 
trom  the  ftate  of  a  common  fluid  to  that  of  vapour,  or 
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an  claftic  fluid.  If  a  tliermometcr  is  immerfed  in 
fpirit  of  wine,  in  water,  or  in  any  fluid  that  cafily  eva- 
porates, and  is  afterftards  taken  out  and  fufpended  in 
the  air,  the  thermometer  will  fmk  two  or  three  degrees, 
though  the  temperature  of  the  air  and  water  ihould  be 
€xafUy  the  fame  ;  the  faft  is,  the  fmali  quantity  of 
fluid  which  remains  on  the  bulb  of  the  thermometer 
is  carried  ofi^in  vapour,  and  in  that  cafe  the  mercury 
■within  the  thermometer  is  deprived  of  a  certain  por- 
tion of  its  latent  fire.  If  the  thermometer  is  repeat- 
edly dipped  in  the  fluid,  the  cold  which  is  produced 
will  be  confiderable.  If  ether,  which  is  a  very  vo- 
latile fluid,  is  applied  to  any  part  of  our  bodies,  cold 
is  immediately  produced  ;  and  on  the  fame  principle, 
a  man  may  be  frozen  to  death  in  very  warm  weather, 
by  expofing  him  to  continued  evaporation ;  which 
may  be  elFedted  by  throwing  repeatedly  upon  his  body 
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fitri(]>  and  yet  the  temperature  or  obvious  heat  of  the 
Buids  is  not  incrcated,  as  may  be  proved  by  the  ther- 
mometer ;  wherefore  ic  is  plain  that  the  caloric  exifts 
in  thclc  iubftances  in  a  latent  or  combined  Ctate. 

4thly.  The  matter  of  fire  is  elafticj  as  is  proved 
€videndy  from  all  its  cffcfts.  There  is  indeed  reafoa 
to  believe  that  caloric  is  the  only  Buid  in  nature  which 
is  permanently  elallic,  and  that  it  is  the  caufe  of  the 
elafticity  of  all  fluids  which  are  efteemed  fo. 

From  the  elafticity  of  this  element  it  refulcs  that  all 
natural  bodies  can  only  retain  a  certain  quantity  of  it, 
vilhcut  undergoing  an  aitcrarion  in  their  Aate  and 
fonn.  Thus  a  moderate  quaniity  of  fire  atlmitted  into 
a  foljd  body  expands  it;  a  ftill  larger  quantity  renders 
it  fluid;  and  if  the  quaniity  is  ftill  increafed,  it  will 
be  converted  into  vapour.  But  this,  and  all  the  other 
properties  of  caloric,  will  be  better  imdcrftood  from 
its  eflefts.  Let  it  fuffice  to  remark  for  the  prefcnt, 
that  moft  fluids  may  be  convcrccd  into  a  ftiite  of  un- 
ufual  rarity,  by  the  acceffion  of  fire.  Vapour  is  j,8co 
times  lefs'denfe  than  water ;  and  thofe  matters  which 
have  a  Ilronger  attraflion  for  fire  may  by  the  fame 
means  be  converted  into  fluids  permanently  elafliic. 
The  nitrous  acid  is  wholly  convertible  into  two  fpc- 
cies  of  air,  oxygen  and  azote,  or  pure  and  phlogilH- 
cated  air  j  and  oils,  refins,  charcoal,  and  other  inflam- 
mable matters,  will  by  the  application  of  heat  rcadiljr 
aQlime  the  form  of  inflammable  air. 


t     »o$     ] 
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OF     EXPANSION. 

Ixferim'Kts  froi-ing  th  exfaiifi-ve  Fora  of  Fin,  er  Caknc. — iMjtrii- 
mcnlsfor  mra/uring  Dcgnts  ef  Heat.— Thermometers.— Dr.  Blatk'l 
Made  of  mtafaring  high  Dtgreet  ef  Ileal. — Mr.  H^edgwMd'i. 


CALORIC,  as  was  intimated  in  the  preceding 
chapter,  expands  all  bodies  which  it  penetrates, 
more  or  lefs,  in  proportion  to  its  quantity,  and  to 
the  nature  of  thofe  bodies.  The  expanfion  of  water, 
even  previous  to  its  alTuming  the  form  of  vapour>  may 
be  ken  in  an  eafy  experiment.  If  a  quantity  erf"  cold 
water,  ccntiiined  in  a  clear  flafk,  is  immerled  in  a 
veflel  of  boiling  water;  as  the  heat  enters,  the  water 
in  the  fljlk  will  be  feen  to  rife  in  the  neck  rill  it 
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&nhuig  caadk  wis  able  to  lift  a  weighe  of  five  hun- 
dred pounds,  without  any  affiftancc  from  the  mecha* 
triad  powen;  and  he  fhews  that  the  fame  inlignificanc 
power,  namely,  the  flame  of  a  Ihull  candle^  w)uld  by 
the  force  of  expanGon  overcome  a  wdght  eveii  of  five 
thoufand  poundsj  could  an  tnfthimenc  be  convenientlf ' 
feted  up  for  Ae. experiment •.  Jodee^,,  when  we 
confider  that  the  -force  of  coheGwi  in  metats-  u-  ib  ' 
great  as  10  enable  a  gold  wire  of  one-tenth  of  ah  inch 
diiinecer  CO  luppott  five  hundred  pounds  weight/ and 
an  iron  wiie  of  the  fame  dimenfions  to  fupport  one 
thoufanil  five^  hundr^  pounds,  without  producing  any 
leparation  of  the  parts  {  what  muft  be  the  force  of  fin!,  ' 
which  can  relax  and  even  dilTolve  the  textufc  of  the 
finmeft  metals  t? 

It  is  a  ^  univerfally  known,  that  clocks  and  time- 

liieoes  in  geiKral  go  flower  iii  warm  weather,  and  fafter 

'  n  ctHA  i  this  effcd  is  owing  entirely  to  the  cxp^nfion 

irf"  die  pendulum,  which  being  lengthened  by  the  ac- 

~    1  of  heat  or  fire  in  warm  weather,  makes  a  lon- 


pr  Tibratton,  and  conlequcntly  lofes  a  proportionate 
b -JfOiotity  of  time  J  on  the  contrary,  the  length  of  the 
:::}«iidulum  being  contra&ed  by  cold,  the  vibrations 
'  ^rifl  be  proportionably  quicker,  though  the  tjuantity 
\  htdme  gained  Or  loft  in  a  (ingle  vibration  may  be  ex- 
ceedingly trifling ;  yet  as  the  vibrations  are  very  often 
i  i^ieated,  the  effeft  will  in  a  courfe  of  time  be  very 
I  -cOnGderable.  An  alteration  of  one  hundred  thoufandth 
%  fat  of  the  time  of  a  fingle  vibration,  will  amount  to 
irly  that  of  a  whole  vibration  in  the  courle  of  a 

The  cafes  are  fo  numerous  in  philofophy  and  tlie 
E-vts,  when  it  is  defirable  to  be  informedof  the  quan- 
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tity  of  heat  whicii  exifts  in  bodies,  that  it  foon  became 
an  objL'ic  of  chc  iitmoit  importance,  to  difcovcr  ao  ac- 
cuiT.cc  method  for  afcertaining  it.  The  expanlive  pro- 
perty of  tire  was  the  property  which  moft  naturally 
ibggeftcd  itfeif  as  likely  to  furnilli  an  eafy  method  of 
accompli  tiling  this  obJ!.ct,  fince  the  evidence  of  our 
fcnfcs  aJTarc  us  tlint,  a;  leaft  in  all  lower  degrees  of 
•temperature,  ttic  expanfion  of  bodies  bears  fome  de- 
gree of  proportion  to  the  quantity  of  the  matter  of  fire 
■which  they  have  imbibed. 

Air,  as  was  intimated  in  a  preceding  chapter,  was 
the  firit  fiuid  which  was  employed  as  a  meafurc  of 
heat  and  coid.  A  fmall  tube  was  prepared,  open  at 
the  top,  into  which  a  quantity  of  coloured  liquor  was 
introduced;  a  quantity  of  air  was  left  in  the  lower  pare 
of  tiic  tube,  below  the  liquor,  and  in  proponion  as  this 
air  expanded  or  contradted,  the  heat  of  the  furround- 
ing  medium  was  fuppofed  to  be  increafed  or  dim!- 
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prc^xirtioned  the  expanfibilicy  of  the  liquor  to  the  fize 
of  his  tube,  by  diluting  it  with  water,  or  the  contrary; 
the  generality  therefore  of  thermometers  made  with 
ipirit  of  wine  are  termed  Reaumur*s  thermometers. 

Oil  was  employed  by  Sir  Ifaac  Newton  inftead  of 
Ipirit  of  wine,  as  being  capable  of  a  greater  degree  of 
czpanfion,  fince  that  fluid  will  bear  about  four  times 
the  heat  of  boiling  water  before  it  boils,  and  in  gene- 
ral a  very  great  degree  of  cold  is  required  to  make  it 
freeze.  The  principal  objeftion  to  Newton's  thermo- 
meter arifes  from  the  vifcidity  of  the  oil,  which  occa- 
fions  it  to  adhere  to  the  fides  of  the  veffel,  fo  that  a 
confiderable  quantity  of  the  fluid  being  retained  by  the 
glafs,  when  the  thermometer  finks,  it  appears  to  fink 
lower  at  firft  than  it  ought  to  do,  according  to  the  na- 
tural temperatuiT, 

Thefe  thermometers,  therefore,  were  all  of  them 
fuperfeded  by  the  famous  invention  of  Olaus  Roemur, 
improved  by  Fahrenheit,  who  fubftitutcd  mercury  in- 
ftead of  the  other  fluids.  Mercury  is  found  to  be  a 
more  homogeneous  body  than  any  other  fluid,  and 
more  regular  in  its  expanfions,  befides  that  it  is  ca- 
pable of  exhibiting  a  more  copious  fcale  of  both  heat 
and  cold. 

Sir  Ifaac  Newton,  obferving  that  water  uniformly 
froze  with  a  certain  degree  of  cold,  and  as  uniformly 
boiled  when  the  heat  was  increafed  to  a  certain  degree, 
took  what  is  called  the  freezing  point  for  the  com- 
mencement of  his  fcale,  and  fr^m  that  to  the  boiling 
point  he  counted  thirty  four  degrees,  and  divided  his 
fcale  accordingly.  '  It  is  evident,  however,  that  even 
in  this  climate  we  have  many  dcgn*es  of  cold  below 
the  freezing  point  Reaumur,  therefore,  though  he 
commenced  his  fcal*:  alfo  at  the  freezing  point,  yet 
admits  of  feveral  degrees  below  it,  and  proceeds  both 
8  ways 
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ways  from  o ;  the  boiling  point  in  his  fcale  is  at  80" 
above  o.  The  fcale  of  Fahrenheit  begins  conOderably 
below  the  ficczing  point,  at  that  period  of  cold  which 
is  protiiired  by  furrounding  the  bulb  of  the  thermo- 
nifter  v/ith  a  niixtiirc  of  fnow  or  pounded  icc'and  lal 
ammoniac  or  fea-falt:  he  divided  his  fcale  into  mi- 
nuter portions  tlian  cither  Newton  or  Reaumur,  on 
which  iicroiTiit  ii  is  well  known  that  the  boiling  point 
in  Fahrcnhcit'sthemiometcrisat  412°.  Sir  Ifaac  New- 
ton's thermometer  is,  I  believe,  now  quite  obfoletet 
Reaumur's  is  ftill  ufcd  by  many  of  the  French,  and 
other  ex  peri  men  tali  (Is.  The  degree  of  heat,  however, 
when  noted  on  either  of  thcfc  inftruments,  may  eafdy 
be  computed,  by  remembering  that  34°  of-  Newton's 
anfwer  to  So  of  Reaumur,  and  to  211  of  Fahrenheit; 
anti  that  the  freezing  point,  which  is  the  commence- 
ment of  both  the  other  fcalcs,  is  in  Fahrenheit's  at  32' 
ab'.ive  o. 
The  Rraduatint;  a  mercurial,  or  Fahrenheit's  thernio^ 
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Ibme  other  ftoppcr,  to  prevent  the  air  from  rufljing  in. 
When  by  thcfc  means  a  quantity  of  mercury  is  in- 
duded  in  a  gtais  tube  with  a  fmall  bufti,  the  glafs  may 
be  eaGly  cbfcd  by  applying  an  ignited  charcoal  and  a 
blow-pipe,  fuch  as  the  jewellers  make  ufc  of,  which 
melts  the  glafs,  and  enables  us  to  twill  it  round,'  in 
itich  a  manner  as  completely  to  clofe  ic  againft  the  ad-» 
miaiCHi  of  airi  and  this  operation  is  called  berme/icallj 
fcaling  it  *.  In  order  to  graduate  the  thermometer,; 
it  muft  be  Hrft  immerfed  in  a  mixture  of  pounded'ice 
or  fnow  and  fal  ammoniac,  and. the  point  at  which  the 
mtrcury  fettles  muft  be  marked  as  the  commence- 
ment of  the  fcale,  oro.  It  is  next  to  be  immerfed  in 
boiling  water,  and  that  point  is  to  be  marked  ai-a", 
and  the  intermediate  part  of  the  thermometer  muft  btf 
divided  into  this  number  of  degrees. 

Thermometers  with  fmall  bulbs,  and  proportionable 
cylinders,  are  moft  ufcful,  fince  a  large  volume  of  mer- 
cury requires  a  confiderabie  lime  to  heat  and  cool.  It 
is  alfo  accounted  a  favourable  circumftance  when  that 
part  of  the  bulb  which  is  adjoining  to  the  tube  is  rather 
of  a  conical  form. 

That  the  thermometer  is  a  true  meafure  of  heat,  is 
proved  by  feme  very  fatisfa£tory  experiments.  If 
equal  quantities  of  hot  and  cold  water  are  mixed  toge- 
tiier,  the  heat  of  the  mixture  will  be  nearly  as  the  mean 
Ikk  of  the  two  component  parts  f.     This  faft  was 

*  [t  ij  eiCy  to  prove  whether  the  tube  h  a.  perfcft  vacuum  or 
sot,  after  ii  h  hermcticajly  fealcd,  by  mciely  ini-c,\irgit,  and  ob- 
ftrving  whtther  any  bubble  of  air  rcm;tlns  to  refill  ih:  mercury's 
falling  to  the  bottom  of  the  tube. 

t  This  experiment  was  originally  made  by  Dr.  Brook  Taylor. 
It  was  afterwards  repeated  by  M.  dc  Luc,  and  by  Dr.  Crawford; 
who,  from  the  impoilibility  of  conduflir-g  t^c  experiment  without 
loft  of  time,  found  the  heat  of  the  mixture  alwayi  below  the  arith- 
metical mean.  Cranv/irJ  en  Heel,  p.  i3,  "  /'I-  a./  riff.'. 

Vol.  I.  I  afcertained 
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afcertaincd  by  a  ftil)  more  accurate  expenmcr.t  of  Dr. 
Crawford,  wlio  contrived  a  method  of  combining  the 
boiling  and  freezing  points  together,  and  found  that 
the  degree  of  heat  communicated  to  the  thermometer 
was  as  nearly  as  poflible  the  arithmetical  mean  *. 

It  is  evident,  from  the  nature  of  expanfion,  that 
thermometers  might  be  conftrufted  of  folid  bodies. 
Metallic  thermometers  have  indeed  occafionaliy  been 
made,  and  graduated  for  different  purpofcs  ;  but  iheir 
utility  is  ni-celTarily  very  limited,  fince  folid  bodies  are 
expanded  wiih  much  more  difEculty^and  in  a  Icfs  de- 
gree, than  fluids. 

Though  the  mercurial  thermometer  is  fo  much 
more  pcrfeft,  and  is  capable  of  exhibiting  much  higher 
dtgrees  of  heat  than  thofe  which  had  been  in  ufc  be- 
fore the  time  of  Fahrenheit ;  yet  as  mercury  boils  at 
600°,  that  is,  cfinfiderably  below  the  red  heat  of  iron, 
and  as  it  is  phin  that  no  fluid  can  afford  any  true 
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(ions  of  which  may  be  eafily  taken)  in  thac  furnace^ 
and,  when  heated^  to  plunge  it  mto  a  quantity  of  cold 
water>  and  multiply  the  degrjce  of  heat  by  the  propor- 
don  which  the  bulk  of  the  water  bears  to  that  of  the 
body  heated.  Thus,  if  a  piec^  of  iron  is  taken  red  bet, 
and  thrown  into  a  quantity  of  water  100  times  its  bulk, 
when  the  heat  which  was  concentrated  in  the  iron  is 
difiuied  through  the  whole  quandty  of  water,  it  is  evi* 
dene  that  the  temperature  of  the  water  thus  heated, 
multiplied  by  100,  will  give  the  heat  of  the  iron  when 
rod  hot. 

Another  mode  of  afcertaining  high  degrees  of  heat 
has  been  propofed  by  the  late  Mr.  Wedgwood,  who 
by  means  of  a  diftingui(hing  property  in  argillaceous 
bodies,  namely,  that  of  cpntrading  when  expofed  to 
fire,  was  enabled  to  conftruft  a  new  thermometer  for 
diis  purpofe.    The  fenfible  contraftion  of  earthen- 
ware commences  at  a  low  red  heat,  and  proceeds  re« 
gularly  till  the  clay  becomes  vitrified.    Mr.  Wedg- 
wood's thermometer,  therefore,  confifts  of  a  fmall  por- 
tion of  this  clay,  properly  baked,  and  fo  nicely  adapt- 
ed to  a  brafs  gage,  that  the  clay  is  permitted  to  Aide 
along  the  gage  in  proportion  as  it  is  coutradled  by  the 
fire.    He  divided  his  fcale,  from  the  degree  of  heat  at 
which  the  clay  begins  to  contract,  to  the  greated  de« 
grcc  of  heat  he  was  able  to  produce,  into  1 6o*.     By 
Ais  mftrument  he  found,  that  copper  melted  at  27  *  j 
filver  at  aVi  gold  at  32"  s  caft  iron  at  ijo*. 


I  a 
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OP    FLUIDITY. 


CalolrJc  equtHy  theCw^e  of  Expnnjkm  mndfiuUity^im^'IiftuMmtm^ 
B^dits  pajfifi^  f¥cm  a  folid  tc  4l  fluid  St aie%  mnd  the-  tt^mfyj-^Iw^ 

tenje  Cold  of  the  Southern  Hemijjthere  exflained.'-^DtftinSlUm  hitwem 
Expanflon  and  Fluidity, '^Experifritnts  illuflrative  of  the  Dedri/te  ef 
^  latent  Heat, 


IT  was  intimated  that  all  bodies  are  capable  of  con- 
taining only  a  limited  quantity  of  caloric,  without 
undergoing  an  alteration  in  their  external  form ;  the 
fame  caufe  which  produces  expanfiOn,  being  intreafed 
to  a  certain  degree,  produces  a  total  diffolution  of  the 
parts  of  bodies,  and  reduces  them  to  a  fluid  ftlte; 
and  a  further  increafe  of  the  feme  power  fenders  them 
volatile,  or  caufes  them  to  be  carried  off  in  the  fbtm 
of  an  elaftic  fluid,  fuch  as  air  or  vapour. 

After  what  has  been  formerly  ftatcd,  it  will  be  no 
difficult  matter  to  conceive  the  caufe  of  all  thcfe  effe£te 
to  be  the  f:ime.  The  fubtile  matter  of  fire,  which 
appears  to  be  the  only  fubftance  in  nature  which  is 
permanently  elaftic,  or  between  whofc  particles  a  na- 
tural repulfion  cxifts,  infinuating  itfelf  between  the 
panicles  of  bodies,  deftroys  or  rather  counterafts  the 
natural  power  of  attraftion  or  cohcfion,  which  impeh 
the  particles  of  bodies  to  approach  as  nearly  in  con- 
taft  to  each  other  as  poffible.  When  a  body  is  reduc- 
ed from  a  folid  to  a  fluid  ftate,  a  quantity  of  caloric 
or  fire  is  abforbed  from  fome  of  the  furrounding  me- 
dia. The  nature  of  fluids  would  therefore  be,  per- 
haps, not  improperly  defcribed,  by  fuppofing  them  to 
confift  of  the  very  minute  particles  of  the  bodies  from 

which 
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which  they  are  produced  kept  floating  tn'a  qu3ntk>i  ' 
of  fire.  To  underftand  how  daioric  may  cxift  in  riiia 
comtuned  ftate,  without  exhibiting  any  of  its  dcftniAive 
pn^rties,  let  it  be  remembered,  that  fire,  like  f  very 
other  body,  can  be  only  a<^ive  whjle  in  a  dlfengaged 
ftate.  Fire  cannot  excite  in  our  organs  the  fcnfation 
of  heat,  unk&  it  penetrates  thofc  organs  -,  if  therefore 
it  is  retained  by  another  body  by  the  force  of  a  fupc^ 
nor  attraflian,  it  is  evident  it  cannot  afftit  our  organs 
as  it  would  if  in  a  ftate  to  be  attracted  by  thtm.  Iij 
the  fame  nunner  the  mineral  acids  (aquafortis  for  in- 
ftance)  in  a  difengagcd  ftate  aft  with  violence  on  al- 
mofl  every  fuWlance,  and  corrode  or  ulcerate  our  iltfb, 
when  brought  in  contaA  with  themj  but  if  united 
with  a  body  which  pofleiTes  a  ftronger  at'traflion  for 
them  (fuch  as  an  alkali)  they  will  nut  leave  that  body 
to  aA  upon  any  other,  but  are  perfe^ly  difarmcd  of 
all  their  noxious  qualities  :  thus  tlie  fafe  and  innocent 
compound  falt-petre  is  formed  from  two  violently 
aftive  and  corrofive  fubftanccs,  a  cauftic  alkali,  and 
the  nitrous  acid,  or  aqua-fortis;  and  common  fait 
from  the  fame  alkali,  and  the  niuriatic  acid. 

Every  body  in  pafling  from  a  folid  to  a  fluid  flace, 
or  from  that  of  a  common  to  a  rarfr  or  elaftic  fluid, 
abforbs  a  quantity  of  caloric  or  fire,  and  confcquently 
a  degree  of  cold  is  always  produced  by  the  procefs ; 
and  on  the  contrary,  every  body  in  palling  from  a 
fluid  to  a  folid  ftatt^,  or  from  that  of  a  rarer  to  that  of 
a  denfer  fluid,  emits  a  quantity  of  that  fire  which  kept 
it  in  a  ftate  of  fluidity  -,  and  by  this  procefs,  on  the 
other  hand,  a  proportionable  degree  of  flnublc  heat  is 
produced. 

A  number  of  phenomena,  which  were  before  un- 
explained, are  now  clearly  ilUiftraced  by  tliis  theory. 
What  is  called  the  freezing  mixture,  it  is  well  known 
I  3  eonfiils 
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confifls  of  a  quanuty  of  pounded  ice  or  finw  with 
aqua-fortis,  or  any  fUine  fuUbnce.  The  inmienle 
cold  which  is  fuddenly  produced  by  this  ptoceIs>  is 
owing  entirely  to  the  fudden  lique&ftion  of  the  ice, 
in  which  cafe  all  die  adjacent  bodies  imifl;  ll^ly  a 
quandty  of  caloric  or  fire,  which  is  aUbrbed  by  the 
melting  ice,  and  retained  by  the  fluid  in  a  latfcnt  ftate, 
or  Hate  of  combination.  .  Cold  is  produced  by  era- 
poration,  on  the  fame  principle ;  the  quantity  of  dc- 
mentary  Brc  which  Is  actrafted  by  a  fluid  when  paflli^ 
into  a  rarer  (late,  and  which  is  reqiurcd  to  form  at^ 
mofphercs  of  fire  round  the  particles  of  die  body,  fi> 
as  to  keep  them  Tufpendcd  in  the  fluid  fortDf  is  oe- 
ccflarily  fupplied  from  the  furrounding  bodies,  and 
muft  be  anended  with  a  degree  of  cold. 

The  fouthem  hemifpbere  is  remarkably  colder  than 
that  of  the  north,  and  even  in  the  midft  of  fummcr  an 
exccITive  degree  of  cold  has  be^n  found  in  the  regions 
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folid  date  a  quantity  of  caloric  is  ncccffarily  extricated. 
The  heat  produced  by  flacking  lime  has  fometimes 
been  fo  gneat  as  to  fire  wood  s  in  this  cafe  it  has  already* 
been  ffiewn,  that  the  conr)ponent>partic]es  of  the  water 
being  abibrbed  by  the  lime^  the  fire  which  held  k  in 
fuGon  is  expelled.  A  mixture  of  the  cflfcntial  oils 
with  fpirit  of  vitriol  produces  the  lame  efFeA;  the 
mixture  forms  itfelf  into  a  folid  mafs«  and  the  fire 
which  the  fluids  contained  is  fuddenly  extricated.  A 
quantity  of  water  will  often  continue  fluid  at  fome 
degrees  below  the  freezing  pointj  but  by  agitating  the 
water  it  forms  fuddenly  into  ice,  and  the  caloric  which 
the  fluid  contained  being  fet  free>  the  thermometer 
will  rile  fome  degrees.  The  air  is  often  cbferved  to 
be  peculiarly  mild  during  a  fall  of  fnow ;  the  reafon 
is,  that  the  caloric  which  the  water  of  the  fnow  con- 
tained is  difcharged  by  its  paiTing  into  a  folid  (late, 
and  fenfible  heat  is  produced.  The  union  of  a  cauf- 
tic  alkali,  which  contains  no  fixed  air,  with  an  acid, 
excites  great  heat,  in  the  fame  manner  as  when  water 
is  thrown  upon  quick-lime  -,  but  if  the  alkali  Is  mil^, 
that  is,  if  it  contains  a  quantity  of  fixed  air,  that  fub- 
ftance  going  off  in  an  aerial  form  abforbs  the  matter 
of  fire,  which  it  carries  oflf  with  it,  and  no  heat  is  ge- 
nerated *. 

It  was  ftated  that  expanfion  and  fluidity  are  pro- 
duced by  the  fame  caufc  :  there  is,  however,  this  dif- 
ference- in  the  efFcfts,  that  in  expanfion  there  is  a  re- 
gular increafe  or  extenfion  of  bulk,  according  to  tlie 
degree  of  heat;  whereas  the  tranfition  from  a  fluid  to 
a  iblid  ftate,  or  the  contrary,  is  fu Jdcn  j  and  below  or 
above  a  particular  point  of  temperature,  a  body  al- 

•  Sec  Dr.  Kiggins's  excellent  Expcrimenis  and  Obfervations^ 
p.  319. 

'  I  4  ways 
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ways  remains  fluid  or  folid.  There  arc,  it  is  true, 
fomc  bodies  which  appear  in  an  intermediate  ftatc  of 
fliiidicy,  I'uch  as  wax,  tallow,  &c. ;  yet  even  in  thefe 
the  point  3t  which  they  become  fluid  is  a  fettled  point, 
though  the  different  fUgcs  of  (bftnels  depend  upon  the 
degnes  of  iicat. 

In  rxpanfion  alfo  the  fenfible  heat  is  increafed  in 
propvortion  to  the  cffc£t  j  but  it  is  different  in  fluidity; 
for  when  bodies  are  arrived  at  the  melting  point,  or 
point  of  fluidity,  a  large  quantity  of  elementary  fire  is 
absorbed,  without  producing  any  &nfible  heat,  or  al- 
aring  the  temperature  of  the  body.  This  abforption 
of  the  matter  of  fire  frequently  continues  a  confidcr- 
ablc  time,  according  to  the  fupply  from  the  adjacent 
bodies.  Thus,  when  a  thaw  comes  on,  the  heat  is 
often  far  above  the  freezing  ptMatj  and  though 
the  ice  melts  flowly,  it  is  conftantly  furrounded  by 
air  warmer  than  itfelf,  and  confl:antly  imbibing  the 
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of  heat)  are  abforbed^  or  reduced  to  a  ftate  of  combU 
aattbn^  fb  as  no(  to  produce  any  efied:  on  the  thermoi 
metier  *. 

The  heat  which  the  water  abforbs  in  afTuming  its 
fluid  ferm  is  again  (cparated.  by  congelation.  Jf  a 
pound  of  water  at  3  a""  is  mixed  with  an  equal  quan«- 
tity  of  ice  at  4%  nearly  one  fifth  of  the  water  will  be 
frozen,  and  the  temperature  of  the  mixture  will  be  3a*. 
In  this  experiment  the  ice  is  raifcd  from  4""  to  die 
freezing  point.  It  is  therefore  evident,  in  this  expe-* 
rio^CDt)  that  by  the  congelation  of  one-fifth  of  the  wa- 
ter a  quantity  of  caloric  is  emitted  fuflicicnt  to  raife  tiw 
heat  of  the  ice  nearly  twenty-eight  degrees;  by  the  con- 
gelation therefore  of  a  whole  pound  t»f  water,  a  quan- 
tity of  caloric  would  be  detached  fuflicient  to  raife  it 
five  times  twenty- eight  Sc^rces,  The  caloric  which 
is  extricated  by  the  congelation  of  the  water  is  there- 
fore precifcly  equal  to  tfiat  which  is  ablorbed  by  the 
melting  of  ice  f . 

There  were  difputes  in  the  time  of  Fahrenheit,  con« 
cerning  the  rarefaftion  of  ice,  whether  it  depended  on 
the  air  contained  in  it  during  its  fluidity.  He  ima- 
gined, that  if  he  extradled  the  air  from  water,  he  could 
produce  an  ice  heavier  than  water.  He  extrafted  the 
air  therefore  from  fmall  glafs  globes  filled  with  water. 
After  expofing  them  to  an  intenfe  cold,  they  were  a 
long  time  in  freezing,  though  cooled  greatly  bdow 
the  freezing  pointy,  but  upon  breaking  them  to  exa- 
mine them,  the  air  ruflied  in,  which,  from  the  fuddcn 
fhock,  occafioned  the  water  inftantly  to  freeze.  He 
afterwards  found,  that  fimple  agitation  would  produce 
the  fame  efieft.  If  water  which  is  freed  from  air,  and 
which  is  perfeftly  at  reft,  is  expofed  to  die  atmo- 
fphere  when  it  is  colder  than  32%  it  will  frequently  fink 


*  Crawford  on  Animal  Heat,  p.  72.  f  IbiJ. 
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eight  or  ten  degrees  below  the  freezing  pmat*  vith- 
cwt  undergoing  any  degree  of  congelanon  y  but  if  the 
vcflel  is  flighcly  agitated^  a  portion  of  it  vill  iinine=- 
diately  become  folid,  and  the  mixture  of  ice  and  in- 
ter will  be  raifed  u>  31*.  The  reafon  of  this  increale 
of  temperature  in  the  rematntng  water  will  be  evtdenc 
fioRi  the  preceding  experinnencs.  By  the  freezing  of 
a  part  of  the  water,  a  quantity  of  elcinenuty  fir^ 
which  exided  in  the  fluid>  is  expelled,  by  its  alHiming. 
A  fblid  form }  and  this  fire  being  diffuled  among  the 
remaining  water,  raifes  its  teitipcrature  to  the  ficcz- 
ing  point. 

DifTerent  degrees  of  heat  are  required  co  retain 
different  bodies  in  a  fluid  form.  Water,  mercvt7„ 
and  fbnie  other  fubHances,  are  kept  fiuid  by  a  degree 
of  heat  confidcrably  below  the  ordinary  heat  (rf"  the 
atnnofphere  ;  and  fo  great  is  the  degree  of  cold  which 
the  latter  endures,  that  before  the  experiments  of  Pro- 
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Chap.    V. 

OF    BOILINQ,   VAPOUR,  *c, 

Ekfiie  FImUs  Sftimimjhtd  from  cmrnon  FkUs^^^fidfic  Gravity  f 
Frnfmr^i^^ln  nubat  Manmr  Dr.  Black  9vaf  Ud  t$  /arm  his  TJkmy 
of  latemi  Htat. — Immim/e  Force  of  Vap9ur,f^BoiUng.^-'All  FhtUk 
ioslin  m  !efs  Temperatun  in  Vacuo » than  wndtr  th$  Preffun  of  tba 
Atmtfphortm^^FxpiritnentsjmmmPbenomena  of  Boiling  and  E*vaporatiom 
gxflaimtdj^'''4Fhy  Water  extinguijhes  Flame,— Sfontaneons  JSvafoem* 
itonj^^Phenomina  of  Dews,  Mi/Is,  lie. 


IF  the  matter  of  fire  is  accumulated  to  a  certain  dc* 
grcC)  the  fubftance  which  is  expofed  to  its  aftioa 
will  be  converted  from  the  flate  of  a  common  fluid  to 
that  of  an  elaftic  or  compreflible  fluid,  generally  tranf<» 
parent,  and  extremely  rare  and  light 

Vapour  or  fleam,  which  is  water  converted  into  an 
elaftic  fluid,  is  of  a  ipepific  gravity  one  thoufand  eight 
hundred  times  lighter  than  water;  that  is,  a  given 
portion  of  water  will,  in  an  elaftic  form,  occupy  pnc 
ihoufand  eight  hundred  times  the  fpace  it  did  before* 
The  procefs  of  pafllng  from  the  ftate  of  a  common 
fluid  to  that  of  vapour,  is  called  boiling  \  and  the  de- 
gree of  heat  at  which  a  fluid  begins  to  boil  is  called 
the  boiling  point,  which,  in  water,  is  fixed  on  Fahren- 
Jieit's  fcale  at  aii% 

When  a  fluid  arrives  at  the  boiling  point,  and  palTes 
from  its  ordinary  ftate  to  that  of  vapour,  the  fame  ef- 
fect takes  place  as  in  the  converfion  of  folid  bodies 
into  fluids,  a  quandty  of  calorip  or  elementary  fire  is 
abforbed  without  any  increafe  of  temperature}  and 
when  an  elaftic  fluid  is  condenfedj  th;  i^va^  fire  is  con« 

ftantly 
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ft.:nt"y  c ;■:■:::'.'; J,  aiiv!  rtTjilj-t  iieac  is  coniequcntly  pro- 
(hictcl.  Ir"  V  -  cbfcivc  the  heating  of  water,  wc  fhail 
Hn:i  t;..;:  ti;e  h;?.:  fiows  into  it  very  faft,  till  it  arrives 
at  xhr.  hii\'i\nz.  or  vaporiflc  point.  Suppoft  that  in  the 
hSi  five  niinutcs  its  heat  is  incrcafed  10°,  in  the  next 
five  v.c  fliOLld  expcft  that  it  would  at  leaft  be  fix  or 
fevcn  more ;  but  this  is  not  in  reality  the  cafe,  for 
thjugh  very  little  of  the  water  is  evaporated,  yet  the 
rti-iiair.dcr  is  not  fcnfibly  hotter.  In  order  to  prove 
tj:c  lime  ncceffary  to  convert  a  quantity  of  water  into 
vapour,  a  number  of  6at-bot:omed  cylindrical  veflcls 
oi  iron  we-e  conftrii5te(t,  ir.to  which  a.  quantity  of  wa- 
ter was  put,  a.:  the  teirjer.iturc  of  5+°.  The  water 
was  hc.Ttcd  to  tl.e  boiling  point  in  four  minutes,  but  it 
was  not  cvaprlrated  in  lefs  thin  twenty'.  Thus  it  is 
evident  that  the  v/ater  had  acquii-etl  1 5  S'  of  Iieat  in 
liic  fpacc  of  faur  minutes;  and  confcquently,  as  the 
hfat  of  the  fire  cont:n'.ted  the  fame,  it  required  five 
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experiment  made  with  water  iat  a  high  temperature^ 
A  quantity  of  that  fluid  having  been  raifed  in  Papin's 
digcfter  *  to  a  temperature  many  degrees  above  the 
boiling  point  f,  was  fufFered  to  communicate  with  the 
external  air^  by  opening  a  (top-cock,  upon  which  1 
part  of  it  wa^  inftantly  converted  into  vapour,  and  the 
water  at  the  fame  moment  funk  to  212  ;(;.*  AS  it  ap- 
peared however  that  only  a  very  fmall  quantity  of  the 
water  had  been  carried  off  by  this  fudden  evapora- 
tion, it  was  naturally  concluded  that  the  whole  of  the 
fuperfluous  fire  which  the  water  had  previoufly  im- 
bibed was  ablbrbed  by  that  part  which  aflumed  the 
form  of  vapour. 

The  feA  is  accounted  as  eftabliftied  by  the  fame 
philoibpher  fi-om  the  following  experiment.  If  eight 
pounds  of  the  filings  of  iron  at  212  are  mixed  with  a 
pound  of  water  at  32,  the  temperature  of  the  mixture 
will  be  nearly  122;  the  iron  will  be  cooled  90  de- 
grees, and  the  water  heated  90.  But  if  eight  pounds 
of  iron  filings  at  300  are  mixed  with  a  pound  of  wa- 
ter at  the  boiling  point,  the  temperature  of  the  mix- 
ture will  continue  at  212,  and  a  part  of  the  water  will 
be  luddcnly  carried  off  in  vapour,  which  vapour  itfdf 
will  be  found  to  retain  the  fame  temperature  of  212. 
In  Ais  experiment  the  temperature  of  the  iron  is  low- 
ered 88  degrees,  without  any  apparent  accciTion  of 
heat  to  the  water;  the  fair  conclufion  is  therefore  that 
the  fuperfluous  caloric  is  abforbcd  and  carried  off  by 
the  vapour  ||. 

Vapour  is  an  elaftic  fluid,  that  is,  it  admits  of  bein^ 
comprcfled  within  a  compafs  proportioned  to  the  force 


*  Papin's  digeftcr  is  an  iron  vcfTcI,  i/.aJe  particulnrlv  ftronj. 

-f  I  have  been  told  to  412. 

I  Crawford  on  Animal  ILat,  p.  77.  [|  Ibid.  p.  j^* 

.  , . .    which 
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which  compreflcs  it.  Its  force  in  refifting  compFcf- 
Tiowy  ffhen  it  is  accumulated  to  a  certain  degree,  is 
however  greater  than  that  of  gunpowder,  or  of  any 
power  widi  which  we  are  acquainted.  Steam  is  there- 
fore one  of  the  moft  potent  and  moft  dangerous  Agents 
in  nature.  A  fmall  quantity  of  water  thrown  upon 
boiling  oil,  or  introiluced  among  mctajs  whtk  m  fii- 
fion,  produces  the  moit  formidable  efieAs.-"Thc  wa- 
ter finks  towards  the  bottom  in  the  oil*  where  being 
converted  into  vapour,  by  the  force  of  its  expanfion  ic 
caufes  a  moll  violent  ebulUtion  and  exploGon,  and 
throws  the  heated  fluid  about  with  incredible  velocity. 
Hence  in  cafting  iron  or  copper  vcflels,  if  thefmalleft 
particle  of  humidity  is  contained  in  the  mold,  or  if  the 
metal  meets  with  any  liquid  in  its  pal^e  from  the 
iiirnacc  to  the  mold,  it  will  be  exploded  with  the  ut- 
moft  hazard  to  the  workmen  from  the  burning  metal. 
We  have  an  inftance  recorded  in  the  Philofophical 
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his  Phyliological  Difquificions,  fcrves  well  to  mark  its 
f  fFc&s.  *  A  workman,  who  with  fomc  others  was  cm- 
ployed  to  repair  a  (leam-engine  at  Chelfea,  informed 
me,  that  as  they  were  bufy  about  it  in  working  it  to* 
underftand  the  defcft,  the  barrel,  which  was  of  great 
capacity,  and  too  much  worn  with  long  uie,  burft  on 
a  fuddcn,  and  a  cloud  of  fteam  rulhing  out  at  the  fiac- 
ture  ftruck  one  of  the  workmen  who  was  (landing  by, 
and  killed  him  in  a  moment  like  a  blaft  of  lightning. 
His  fellows  ran  up  as  foon  as  they  coulcf  to  give  him 
affiftance,  but  when  they  endeavoured  to  take  off  his 
doaths,  the  fle(h  came  away  from  the  bones  along  widi 
diem/ 

Though  all  fluids  are  rendered  elaftic  by  fire,  yet 
tlie  quantity  of  caloric  neceflary  to  raife  them  to  a  llatc 
of  vapour  depends  upon  different  circumftanccs.  The 
Tcry  nature  of  an  elaftic  fluid  renders  it  particularly 
Kable  to  be  affcfted  by  the  weight  wluch  is  incumbent 
upon  it.  All  fluids  therefore  boil  with  a  much  lels 
degree  of  heat  in  vacuo,  than  under  the  ordinary  pref- 
fure  of  the  atmofphcre.  Thus  water  moderately  heat- 
ed, and  placed  in  the  receiver  of  an  air-pump,  may 
be  made  to  boil  by  withdrawing  a  part  of  the  air  by 
which  it  is  compreflfed;  and  it  will  be  obfcrved  to 
ceafe  as  foon- as  the  air  is  returned,  and  the  preflfure 


Mi\  is  raifed :  when  the  pifton  is  to  fall,  the  fleam  is  faddenljr 
Jmidc  to  collapfe  by  the  injedion  of  fome  cold  water,  which  im- 
mediately condenfes  it,  and  makes  a  vacuum,  fo  that  the  piflon  is 
forced  down  again  by  the  preflure  of  the  atmofphere.  By  tbcfe 
alternate  riiings  and  fallings  of  the  piflon,  feveral  of  which  are 
performed  in  the  fpace  of  a  minute,  the  machine  ads  on  the  work 
of  a  forcing  pump,  by  which  the  water  is  raifed,  and  difcharged  at 
the  proper  place.  This  mact  ine,  confiJering  the  vaft  forct  of  it, 
it  one  of  the  fimpleft  in  the  world ;  but,  like  the  digefter,  may  be- 
come extremely  dangerous  if  thr  f»re  by  any  accident  (hould  get 
the  power  over  ic. 

reflore4^ 
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Tcftorcd  '.  In  the  mod  ptrfcA  vacuum  that  we  are 
abk  to  procure  u'acer  boils  sc  90,  and  ipiritof  wincat 
5:,  tlu:  is  at  131  below  the  boiling  point  under  the 
common  .prefTure  of  the  atmofphcre. 

A  pleafing  experiment  is  related  by  that  cle^uit  and 
ingeniou:i  piiilofopher,  the  prefent  Biihop  o£  Landafi; 
which  is  iiluftrative  of  the  nature  of  boiling  in  general^ 
and  particularly  of  what  has  been  juft  advanced.  With 
an  intention  of  exhibiting  a  ftriking  instance  of  the  in- 
crciifc:  of  Oinncnrioris  produced  by  heat  in  fluids,  he 
took  a  glafs  vefTeli  not  unlike  a  thermometer  in  fbmif 
the  bulb,  contained  above  a  galloR^  the  ficm  had  a 
fmall  diameter,  and  was  about  two  feet  in  length. 
This  veflcl  he  filled  with  boiling  water  to  the  very  top 
of  thf  ftem,  and  corked  it  clofe  with  a  common  cork. 
'  The  water  and  the  cork  were  at  5rft  contiguous,  bat 
as  the  water  cooled  it  concraded,  and  funk  vilibly  in 
the  ftfm  i  and  thus  the  firft  intention  of  the  experiment 
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cork  and  the  water  is  not  however  a  pcrfeft  vacuum; 
it  is  occupied  either  by  the  vapour  of  the  water,  or  by 
a  linatl  portion  of  air,  or  by  both.  Heat  increale$  the 
elafticlty  both  of  air  and  vapour,  and  thus  augments 
the  preffure  upon  the  furfacc  of  the  water,  hence  the 
ebullition  ceafes  upon  the  application  of  the  hot  iron. 
Cold,  on  the  contrary,  diminilhes  the  elaftlcity  of  the 
air,  and  condenfes  vapour  i  and  thus  the  prelTure  upon 
the  furfcce  being  Icflcned  by  the  applicarion  of  a  cold 
doth,  the  ebullition  of  the  water  became  more  violent. 
The  heat  of  the  water  when  it  ccaled  boiling  was 
130°*. 

An  experiment  of  another  diftinguiftied  philofopher 
affords  perhaps  a  better  illuftration  of  the  whole  theory 
which  has  been  juft  advanced.  This  gentleman  placed 
a  quantity'  of  vitriolic  ether  under  ilie  receiver  of  an 
ar-pump,  which  was  fo  contrived  that  he  was  able  ta 
let  down  a  thermometer  at  pleafure,  without  admit-  ■ 
tjng  the  external  air.  He  no  fooner  began  to  extradt 
the  air,  than  the  ether  was  thrown  into  a  violent  ebul- 
lition, a'  the  fame  time  its  tcniperaiure  liink.  iurpiiz- 
ingly.  When  the  ether  was  firll  put  in,  its  tempera- 
ture wai  about  58',  but  it  became  fo  cold  when  boil- 
ing, that  a  quandiy  of  water  in  a  veflcl  coniiguous  to 
it  was  fuddenly  frozen.  The  manner  i.i  which  thefe 
phenomena  may  be  expliined  is  this  : — The  weight  of 
the  atmofpherc  being  rtmoved,  the  heat  which  t!ie 
ether  contained  was  fufficicnt  to  make  it  boil.  Tlic 
elementary  fire  which  the  ether  loft  in  boiling  was  diC- 
pofed  of  in  forming  a  vapour  mor'j  lubtile  than  the 
tther  itfclf;  wliich  could  not,  confiftcndy  with  the 
principles  eftabtiflied,  be  formed  witliou:  the  abforptiofl 
of  a  ccnfidcrable  quantity  of  the  matccr  oi  fire.  Now 
as  it  appears  that  water  and  fpirit  of  wine  boil  in  wuo 
*  Chem.  Eflays,  vol.  iii.  p.  161. 

Vol.  I.    .  K  at 
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at  122*  below  their  ordinary  boiling  pcrint,  ic  n  natu- 
ral thac  ether,  which  btuls  in  the  open  air  at  about  the 
heat  of  the  human  blood,  fhould  boil  in  vacuo  at  34* 
below  o,  a  degree  of  cold  fuffictent  to  freeze  anjr  wa- 
ter that  might  happen  to  be  in  contaft  with  the  vcflel 
which  contains  the  ether. 

As  the  weight  of  the  atmofphere  varies  ibme  degms 
at  different  times,  it  is  evident,  from  thefc  remark^ 
that  the  boiling  point  of  fluids  will  all«  occaBtMially 
vary.  Boerhaave  fuppofcB,  that,  according  to  the 
changes  of  the  atmofphere,  as  marked  by  the  barome- 
ter, the  heat  of  boiling  water  may  vary  occadonalljr 
eight  or  nine  degrees  *  i  and  we  Bnd  the  opinion  con* 
firmed  by  the  accurate  experiments  of  M.  dc  Luc  and 
Sir  George  Shuckburg,  in  the  coiirfc  of  which-  the 
boiling  point  was  fomctimcs  lower  than  205%  and 
fometimes  higher  than  213*  f* 

•  Boerhaave  Cliem.  quoted  by  Watfon,  Chcm.  Eff.  vol  iii.  p.  157. 
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Some  of  the  phenomena  of  evaporation  and  bpiling, 
not  hitherto  noticed,  will  receive  a  fatif^faftory  expla- 
'  nation  from  this  theory. — ift.  If  a  Onglc  drop  of  wa- 
ter is  heated  to  the  vapourific  point,  it  is  immediaKly 
converted  into  vapour  j  but  if  the  quantity  is.  more 
confiderablcj  the  phenomenon  will  be  varied:  for,  if 3 
([nantity  of  water  is  thrown  into  an  iron  veflel  heated 
very  hoc,  it  will  feem  to  run  about  the  velTel  like  quick- 
filver,  but  without  tpuchmg  the  bottom  or  fides  of  the 
vcflcL  The  reafon  is,  that  ths  water  neareft  the  bot- 
tom and  fides,  is  converted  into  vapour,  which  prevents 
die  fluid  from  coming,  in.  contact,  with  the  iron ;  aod 
this  is  the  reafon  alfo  that  a  red-hot  piece  of  iron  drop-  - 
ped  into,  water  continues  for  fome  little  time  in  the 
&me  reJ-hot  (late,  the  water  neareft  the  iron  being 
fuddenly  converted  into  an  elaftic  vapour,  which  repels 
or  keeps  off  the  reft  of  the  fluid. 

2dly,  The  bubbling  and  hifling  of  boiling  fluids,  or 
of  fluids  upon  the  point  of  boiling,  was  unaccounted 
for  till  Dr.  Black's  theory  elucidated  the  point.  In 
the  common  mode  of  boiling  water  it  is  plain,  that  the 
bottom  of  the  fluid  arrives  at  the  vapourific  point  of 
heat  before  the  furface;  a  quantity  therefore  of  the 
fluid  which  is  neareft  the  bottom  of  the  veflel  is  con-, 
verted  into  vapour,  which  forcing  its  way  through  the 
foperincumbent  medium  occafions  that  violent  ebulli- 
tion which  always  takes  place  when  a  fluid  is  heated  to 
its  vapourific  point.  The  hiding  of  kettles  and  other 
vefiels,  previous  to  their  arriving  at  the  boiling  point, 
is  perhaps  to  be  accounted  for  from  thefc  vapouri6c 
bubbles  in  their  afcent  meeting  with  the  cold  water, 
and  difcharging  dieir  caloric,  which  condenfes  the  va- 
pour before  it  arrives  at  the  furfecc,  and  occafions  the 
feeble  found  which  has  been  juft  inchtion<;dj  without 
K  2  m 
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any  confiderable  agiiatlon  of  the  fluid,  or  enuflion  of 
fteiim. 

3clly,  The  rcalbn  why  wacer,  cither  hot  or  cold,  im- 
mctliace'y  cxtinguifhcs  flame,  will  eafily  be  underitood 
fioni  what  his  been  premifed.  When  a  quantity  of 
water  is  thrown  upon  an  ignited  body,  it  is  immedi- 
ately converted  iiito  vapour,  and  this  proccfs  fuddenljr 
deprives  the  burning  body  of  as  much  elementary  fire 
as  the  vapour  is  naturally  difpofcd  to  abibrb.  If 
therefore  the  water  is  applied  in  fufHcient  quantity,  the 
whole  of  the  caloric  will  be  imbibed  by  the  evaporation, 
and  the  body  will  be  left  totally  deftitute  of  heat.  For 
the  faniL'  rcalbn  it  is  evident,  that  water  will  prevent 
tiic  melting  of  metals,  or  of  any  fubftances  which  re- 
quire a  degree  of  heat  fuperior  to  the  boiling  point,  to 
render  them  fluid:  for  the  water, being  in  concaft  with 
the  other  fubftance,  will  not  permit  its  temperature  to 
incrcafe,  and  all  the  fuperfiuous  fire  whicli  would  heat 


Ciiap.  5.]     Subfiances  ^bicb  eafily  evaporate.  133 

The  general  proccfs  which  bodies  not  highly  in- 
flammable undergo  when  fubjefted  to  the  adJon  of 
fire,  'is  firft  to  be  reduced  to  a  fluid  ftate,  and  then  to 
a  ftate  of  vapour.  There  are,  however,  feme  matters 
which  are  convert^  into  vapour  without  at  all  aflum- 
ing  the  fluid  form,  fuch  as  camphor,  fal  ammoniac, 
arfenic,  &c.  Thefe,  when  cxpofed  to  fire,  fly  ofi^  in 
vapour,  without  being  melted  i  which  vapour,  on  con- 
dcnlation,  becomes  a  Iblid  mafs  again.  Thele  fub- 
llances  may  therefore  be'fa^d  to  have  their  vapourific 
point  below  that  of  their  fluidity}  and  the  rcafon  of . 
this  appears  to  be,  that  their  particles  have  a  flironger 
aitra£lion  for  the  matter  of  fire  than  for  each  other. 
Jn  fact,  we  find  that  thefe  fubfl:ances  may  be  reduced 
to  a  fluid  form  by  confining  them  in  clofe  veflcls, 
where  they  may  be  forced  to  endure  a  greater  degree 
of  heat  than  under  the  prefllire  of  the  atmofphcre. 
Camphor  at  Icaft  has  in  this  manner  been  rendered 
iluidj  and  there  is  no  rcafon  why  fal  ammoniac,  and 
all  the  volatile  alkalies,  might  not  be  reduced  to  the 
fame  ftate;  but  from  the  great  clafticiry  of  the  vapour, 
the  procefs  has  not  been  completed  for  fear  of  burfting 
the  vcfli;ls, 

There  are  fome  bodies  which  have  never  hitherto 
been  retluced  to  a  ftate  of  vapour.  Thole  earthy  Tub- 
ftanccs  which  have  been  rendered  fluid,  have  never,  by 
any  degree  of  heat,  been  rendered  volatile,  and  there 
arc  fome  earths  which  have  never  been  even  brought 
into  fiifion.  Some  of  the  metals,  particularly  gold 
and  filver,  were  thought  formerly  to  be  abfolutely  fix- 
ed. Mr.  Boylc  cxpofed  a  fitiall  quantity  of  each  for 
two  months  to  the  heat  of  a  glafs-houfe  furnace,  and 
at  the  end  of  that  time  he  found  them  not  altered  ; 
they  have  fince,  however,  been  compelled  to  emit  very 
fenfiblc  vapours  by  the  more  intenfe  Iieat  of  a  burning- 
K3  glaf.: 
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glafs:  and  as  rhc  diamond  Iclelf  has  been  fubjcQrd  to 
.evaporarion,  it  is  not  improbable  that  by  a  fufficicDt 
quantity  of  heat  every  other  mineral  fubftanCe'  might 
be  flrTcd  and  volatirized. 

The  vapour  of  water,  ajid  moft  other  fluids,  requir- 
ing a  degree  of  heat  above  that  of  the  atmofphere  to 
keep  it  in  a  volatile  ftatpj  is  cafily  deprived  of  its  fuper- 
fluous  caloric;  and  its  panicles  being  no  longer  kept 
afunder  by  a  fuperior  force,  yield  to  the  ordinary  im- 
pulfe  of  atcraiStion,  and  are  condenfed  into  the  ftate  of 
a  common  ftiiid.  There  are,  however,  permanenijjp 
elaftic  fluids,  which  are  maintained  in  their  claftic  ftate' 
by  the  ordinary  heat  of  this  earth ;  and  thefc  by  ana- 
logy we  may  conclude  are  compofed  of  particles  which 
have  a  weak  attraftion  for  each  other,  and  are  there- 
fore preferveil  in  this  rare  and  volatile  (late  by  a  mo- 
derate portion  of  the  matter  of  fire  interpofed  between 
them :  of  this  kind  is  the  air  we  breathe,  and  Jbme 
other  fluids,  of  which  I  Ihall  prcfently  have  occafion  to 
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oianner,  and  this  moifhire  in  both'  cafes  is  produced 
bj  the  cold  body  (the  glafs  of  water,  the  marble,  or 
the  waU)  condenfmg  the  vapour  with  which  the  air  is 
charged  from  the  breath  and  perfpiration  of  the  com- 
pany. Similar  to  this  is  the  dew  on  the  infide  of  win- 
dows, which  in  cotd  weather  is  frequenriy  frozen^  and 
afliimes  the  forms  of  leaves,  of  trees,  and  of  the  moff 
beautiful  moHes. 

Water  cannot  be  expofed  in  open  vcflels  without 
ruflFering  a  diminution  of  its  bulk,  and  indeed  in  courfe 
oftime  the  whole  will  be  exhaled.  The  vapour  how- 
ever which  is  thus  formed  is  not  fufliciently  elaftic  to 
prtxluce  any  of  the  common  effe£ts  of  vapour ;  for 
■wuir  will  remain  in  bottles  corked  up  without  forcing 
the  corics ;  the  vapour  ftagnating  over  the  fiirface  of 
the  water,  _  prevents  a  frclh  quantity  from  rifing;  in- 
deed the  mere  force  of  gravitation  would  in  general 
be  fufBcient  to  counteraft  the  force  of  this  fpontaneous 
evaporation,  was  it  not  that  the  wind  carries  off  the 
quantity  which' J|  exhaled,  which  would  othcrwife  be 
fufpended  and  ftagnate  over  the  fluid.  This  vapour, 
it  is  CO  be  obfervcd)  proceeds  always  from  the  furfacc 
of  bodies  j  and  the  greater  tlie  extent  of  furfece,  the 
more  copious  the  exhalation :  it  is  obferved,  therefore, 
to  rife  more  copioufly  from  a  grafTy  plain,  from  the 
pores  of  a  fpunge,  or  from  loofe  earth,  than  from  any 
fingle  furfacc ;  and  it  is  always  more  or  Icfi  in  quantity, 
according  to  the  temperacurc  of  the  atmofphcre. 

The  quantity  of  vapour  which  is  raifcd  in  this  man- 
ner from  the  earth,  has  been  eflimated  by  a  very  fimple 
yet  apparently  accurate  experiment  of  the  Bithop  of 
Landaft*.  Having  provided  a  large  drinking  glafs,  the 
area  of  the  mouth  of  which  was  twenty  fquare  inclic^» 
he  placed  it  with  its  mouth  downwards  on  a  grafs  plac 
which  was  mown  clofe.  The  fun  flione  bright  and 
K  4  hoc. 
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h'-:,  2r.a  there  had  been  r.o  nin  for  upwards  ofz  mozfi- 
Wi.en  the  gUfi  hai  £ooi  &?.  ti.e  grifs  phi  one  q-jsr- 
ter  of  an  hojr,  and  had  collcStd  a  quir.iirv  of  ccn- 
titr-fcJ  vapc'jr,  he  wiped  Ui  infide  »:-Ji  i  piece  of 
r^;J^L^,  c?.e  we;g'-,:  of  which  he  had  prcviouily  aicer- 
tai.i'iid,  ar.d  as  focr,  as  the  g'afs  wjs  wiped  ctt  the 
!Tiur:;;i  v.  a:  iveigricd.  The  rr.cdiuin  ircrciic  cf  weigbc 
from  va:>>-i.  exptrixeBL;,  between  rwelve  ani  diree 
o'clo'/i;,  '.vii  fix  grair.i  in  or.t  quaner  cf  an  hour  froai 
rA'tr.".;  fq-jire  inches  of  eai-;h.  Ac  this  rare  of  evapo- 
ration, it  is  cify  to  fee  that,  c^mpuiing  ai  fcvcn  thou- 
fand  grains  troy  to  one  pint  cf  water,  ana  eight  pints 
to  a  gallon,  not  Icfs  than  one  thoufand  fix  hundred 
e?.i]or,s  of  'Alter  wouid  be  raifcd  from  one  acre  of 
^rvj- ';  '.:.  IV.  .Try-four  hours.  It  msy  wcii  b;  fuppcAd 
::.j- :!.;  .-:  ...-::;y  v.i)l  be  ftill  greater  when  Lhe  ground 
!. .',  i.~-:r.  dnr.'.hed  wiih  rain.  In  order  to  prove  this, 
t/.e  f-rr.c  judicious  philofophcr  ma^ic  two  other  expe-  j 
riments,  one  of  them  the  day  after  the  ground  had 
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obfcrvcd  in  marfhy  grounds.     If  a  hole  is  broken  in 
ice,  wc  may  obferve  a  niift  rife  from  it;  the  water  be- 
ing warmer  than  the  air,  emits  a  vapour,  which  the 
cc4d  condenfes  and  renders  vifible.    It- is  the  ftme  va- 
pour which,  when  condenfed  by  the  cold  of  the  night, 
forms  the  dew  which  is  obferved  in  fmall  globules, 
like  pearls,  upon  the  leaves  of  plants  *•     When  the 
weather  has  been  intenfely  cold,  if  a  thaw  fuddenly 
comes  on,  the  walls  of  houfcs  are  all  covered  with 
dew ;,  for  thefe  thawing  winds,  coming  from  a  hotter 
part  of  the  world,  bring  with  them  a  quantity  of  va- 
pour, which  is  condenfed  by  the  cold  fubftances,  when 
it  comes  into  a  more  northern  climate. 

Various  theories  have  been  propofed  to  account  for 
the  afcent  of  vapour.  One  of  the  moft  plaulible  is 
that  which  attributes  it  to  the  attraction  of  the  air;  but 
this  theory  is  in  a  great  meafure  deftroyed,  by  the 

•  This. beautiful  appearance  has  not  efcaped  the  poets;  the 
Hebrew  poets  in  particular  have  made  the  bell  advantage  of  the 
beauties  of  nature.  The  following  is  Buchanan's  paraphrafe  of  a 
part  of  the  cxxxiii  Pfalm. 

**  Ut  aura  fuavis  balfami,  quum  funditur 

Aaronis  in  facrum  caput, 
Et  imbre  iaito  proluens  barbam  Sc  fmus 

Limbum  pererrat  aureum : 
Ut  ros,  tenella  gemmulis  argentiis 

Pingens  Sicnis  gramina ; 
Aut  vcrna  dulci  inebrians  uligine 

Hermonis  jntonfi  juga.'* 

S»vcet  as  the  od'rous  balfam  pour'J 

On  Aaron's  facrcd  head ; 
Which  o'er  his  beard  and  down  his  brcafl 

A  breathing  fragrance  fhed. 
As  morning  dew  on  Sion's  mount 

Beams  forth  a  Jther  ray ; 
Or  Jluds  loith  gems  the  verdant  pomp 

That  Hermon's  tops  difplay. 

ccnfidcration 
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Confideration  that  vapcair  will  afcend  in  vacuo.  The 
fbleftric  fire  h^a  alfo  been  caUcd  in  to  account  few  this 
phenomenon  \  but  if  the  eledric  fire  is  no  other  than 
coi;na)on  fire^  or  fome  particular  modification  of  it, 
there  is  np  reafon,  tp  believe  that  the  fpontaneous 
evaporadoQ  depends  upon  atiy  other  principle  thair 
that  which  has  been  already,  ftat^ni  as  the  caufe  of  the 
£>rnnation  of  commpn  vapour  ffom  boiling  water. 

Xh9  facb  appears  to  be^  that  there  exifts  fixrh  an* 
attr^^on.  between  the  particles  of  caloric  and  thofe  of 
water>  that  whenev-er  a  portion  of  the  former  in  a  dif-  ' 
^gaged.fb^te  meets  with  any  of  the  latter,  they  imme-* 
diatcly  unite.     BencCj  when  water  is  heated  bcyopd 
the  temperature  of  the  atmofphere^  it  nauirally  yields 
1^  a^^uaotity  of  its  fuperftuoUs  fice  to  refi:ore  the  eqiil- 
libtiuiHy  and  thi^  fire  ahvays  carries  widi  it  a  quantity 
of  the  fluid  medium  in  thb  form  of  vapour,    -When' 
thefe  vapours  firft  afcend,  they  are  in  an  iiivifiblo. 
ftftte ;  and  they  muft  be  in  fame  degree-  condenied  to 
enable  them  to  refleft  the  folar  rays,  fo-as  to  become 
vifible.     This  frequently  takes  place  when  they  reach 
the  higher  and  colder  regions  of  the  at.mofphere,  or  if 
they  happen  to  meet  with  cold  winds  in  their  progrefe 
thither :  they  then  appear  to  us  in  the  form  of  clouds, 
A  ftill  greater  degree  of  condaifation  renders  diem  too 
heavy  to  be  fupported  by  the  atmofphere,  and  they  fall 
down  in  the  form  of  rain,  fnow,  or  hail,  according  to 
the  circumftances  of  their  diffolution. 

Agreeable  to  this  theory  is  the  common  obferva- 
tion,  that  in  very  cold  weather  vapour  becomes  vifi- 
ble  almoft  as  foon  as  it  is  formed :  thus  in  froft  the 
breath,  which  is  vapour  from  the  lungs,  is  always  vi- 
fible.  M.  de  Maupertuis  faw  in  Lapland  the  warm 
vapour  of  a  room  converted  into  fnow  upon  opening 
the  door  to  the  external  air^  and  in  a  crowded  ailem- 

bly 
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bly  at  Peteriburgh*  the  company  fuiTenng  ftom  the 
dofenefs  of  the  room,  a  gendeman  broke  a  window 
for  relief}  the  confequence  of  which  was,  that  the 
cold  air  rufhtng  in.  caufed  a  viTible  circumagitation  of 
a  white  fiiowy  fubfbince  *. 

Agreeably  alfo  to  the  fame  prindples  it  is  evident, 
that  air  is  a  fiuid.  which  has  a  ftronger  9ttra^ion  for 
the  matter  of  fire,  than  water,  but  that  by  means  of 
diis  infenOble  eyaporatioii  the  interftices  of  the  air,  if 
L  may  io  exprefs  myfelf,  are  filled,  with  a  quantity  of 
va|)our,  which  beii^  extremely  rare,  and  being  equally 
£Siifed,  is  invifible  to  us.  If,  howeverj  a  dream  of 
cold  air  is  introduced  from  any  quarter,  the  caloric, 
vhich  is  united  with  the  water  in  the  form  of  vapogr, 
n'ill  flow  into.  the.  cold  air  to  reftore  the  equilU>rium, 
and  the  vapour  will  be  condenfcd.  The  condcnfa- 
tion  will  fomcrimes  be  only  fufficient  'to  produce  the 
appearance  of  clouds,  but  at  fome  times  it  will  be  fuf- 
ficient to  caufe  rain,  which  will  fall  in  greater  or  leffer 
quantities  in  proportion  to  the  quantity  of  moifture  ia 
the  atmofphcre,  and  the  degree  of  cold  in  the  con- 
dcnfing.mediurti. 

•  Edin.  Phil.  Tt.  Vol,  I.  p.  +8. 
"  Like  words  congcal'd  in  northern  air." 


[      MO     ] 
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Or    IGNITION    AND    COMBUSTION. 

JrHiiion,  luhal;  bcvi  f  reduced. — Sunihig  r/"  Fhoffhi!rui.—-liiJiamnut' 
kk  Air.~~Ct,HnC'y  Fi'rti. — Lamp,,  iJc.—lf'fy  FJaat  efitni,. — 
tbrary  &f  Argai-.d"!  Lamp. — Beft  Form  s/Gralts,  Slivti,  tffc — ( 
Cami'iflian  froduad  ly  fimr  Suifianca  •■.vilbont  a  Canmxaicaiiat  I 
ivilb  lit  Almc/pberi,—Gu«-fe'vjder,  ISr.-rlran  medt  le  Bum  likr 
a  Candle. — Sfeitlaneoui  Jgnitisn. — Carioas  FaJis.r..—^aaKri!y  b^ 
BeiU  exdted  iafufing  diferml  Beiiie,. —Scale  cf  Htat., 


IGNITION  is  that  ftaie  of  bodies  in  which  the 
matter  of  fire  or  caloric  is  rendered  a<Sivc,  and 
obvious  to  the  fight,  by  the  emidlon  of  Hght ;  in  other 
words,  when  both  light  and  heat  are  at  once  emitted 
by  any  body,  it  is  faid  to  be  ignited.     Ignition  docs 
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Hon,  will  be  produced.  Of  this  nature  is  the  matter 
of  phofphorus,  and  that  very  common  or  almoft  unl- 
vcrfal  fubftance,  which  is  diftinguilhed  by  the  name  of 
hydrogen,  or  inflammabk  air.  Thus  if  a  quantity  of 
phofphorus  is  expofed  to  the  atmofphere,  it  will  abfcjrb 
3  confidcrable  quantity  of  the  pure  part  of  the  air,  and 
by  the  union  be  converted  into  phofphoric  acid.  In 
the  mean  time  the  caroric  will  be  detached  from  the 
air;  and,  provided  the  air  is  well  chargeji  with  heat, 
ignition  or  accenfion  will  be  produced  on  the  fnrfaoe 
of  the  phofphorus.  Inflammable  air  (or  bodies  conr 
taining  that  principle)  has,  however,  either  a  weaker 
attraction  for  air  than  phofphorus  has,  or  its  particles 
have  a  fVronger  attraftion  for  each  other.  It  is  ne- 
ceBary  therefore  that  it  fiiould  be  prcfented  to  the  air 
in  a  rarer  ftate  ;  and  a  degree  of  internal  agitation,  and 
even  a  third  attractive  power,  are  required  to  cfTeft 
the  union  of  the  two  fubftances,  and  the  detaching  of 
the  fire  from  them.  Thus,  for  inftance,  if  pure  air  is 
mixed  with  a  quantity  of  inflammable  air,  the  eleftric 
fpark,  or  a  fmall  quantity  of  fire  in  fome  form  or  other, 
iiiuft  be  introduced  to  efl«(5l  tiieir  accenfion.  In  this 
cafe  a  double  attraftion  takes  place.  The  pure  and 
inflammable  airs  unite  together,  or  are  condcnfed  into 
a  fluid,  and  the  matter  of  fire,  which  is  introduced, 
carries  v.ith  it  the  fire  which  is  detached  from  the  two 
airs,  and  thus  a  complete  ignition  is  produced.  In 
the  ordinary  procefs  of  burning,  when  a  quantity  of  . 
inflammable  or  combuftible  I'ubfiances  are  heaped  to- 
gether, and  fire  introduced  among  them,  by  the  ac-  ■ 
tioii  of  the  fire  the  inflammable  part  is  firft  expanded 
from  its  folid  flace  into  a  finite  of  inflammable  vapour, 
it  comes  necelTarily  into  co::ti6t  with  tlie  pure  air  of 
the  atmofphere,  and  the  action  of  the  lire  ftill  conti- 
nuing 


nuing,  iKl*  matter  of  rtic  is  de'tachcl  fi-oiii  the  air,  and 
combuftion  cnfijcs  in  the  fame  manner  as  in  the  for- 
mer cafe,  when  the  pure  and  inflainmabk  airs  arc  fired 
by  the  eledric  fpark. 

I  Ifnce  there  can  be  no  combuftion  without  a  fup- 
ply  of  pure  air ;  a6d  from  this  confide'ration  moil  of 
the  phenomena  of  combuftion  may  be  explained.  In 
a  common  coal  fire,  if  the  coals  cake  or  adhere  in  fuch 
a  manner  that  the  inflammable  part  cannot  come  in 
contaft  with  the  external  air,  the  fire  is  neceflarily  ex- 
tinguiflied.  Flame  is  ignited  vapour;  but  as  that 
part  only  which  comes  in  contaft  with  the  air  can  be 
ignitcd„that  part  of  the  inflammable  vapour,  which  is 
not  confumed,  takes  the  formof  fmoke  and  (bot,  and 
adheres  to  the  fide  or  top  of  the  place  or  veflcl  which 
contains  the  fire.  The  flame  of  a  common  lamp  or 
candle  may  be  conlidered  as  a  tube  of  fire,,  in  the 
hollow  of  which  the  inflammable  vapour  is  inclofed. 
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vapour,  which  the  heat  extrafts  from  the  candle,  comes 
in  contad  with  the  burning  body,  and  acccnPion  takct 
place.  It  rometimes  indeed  may  happen,  that  die 
lamp  or  candle  may  be  lighted  by  holding  it  above 
die  ignited  bar }  but  it  is  obvious,  in  that  cafe,  that  a 
quantity  of  the  oil  or  tallow  firlt  drops  on  the  burn- 
ii^  body,  and  is  then  converud  into  vapour  and 
fiame,  fa  that  at  the  time  of  the  accenfion  taking 
places  the  wick  is  aAually  furrounded  with  flame, 
above  as  well  as  below. 

•  To  remedy  rfie  immenfe  waffie  of  oil,  which,  ac- 
cording to  the  common  conftrutftion  of  lamps,  was 
difpofed  of,  unconfumed,  in  the  form  of  fmoke  and 
foo^  was  the  great  object  of  that  very  ingenious  in- 
vention, the  patent  lamp  of  M.  Argand.  I  recollcft-, 
fomc  years  previous  to  M.  Argand's  invention,  I  turn- 
ed ray  attention  to  the  procuring  of  a  vivid  flame, 
without  a  wafte  t^  oil,  or  the  offcnfivenefs  of  fmoke. 
I  obfcrved  that,  the  fmallcr  the  wick  of  a  lamp,  t\m 
brighter  in  general  was  the  flime,  and  for  this  plain 
realbn,  that  in  thefe  cafes  a  greater  furface  than  ufuat, 
proportionafaly  to  the  quantity  of  vapour,  was  cxpolcd 
ID  die  air.  My  fchemc  was,  therefore,  to  procure  a  , 
lamp  with  a  number  of  very  fmall  wicks,  between  each 
of  which  there  was  to  have  been  an  orifice  or  chim- 
ney, which  might  introduce  a  current  of  air,  and  keep 
the  fkme  proceeding  from  cadi  wick  diflinft.  M. 
Argand's,  I  muft  confefs,  is  a  great  improvemen  ■  upon 
this  idea.  By  means  of  a  thin  circular  wick,  r'  rougU 
#e  middle  of  which  a  current  of  air  is  introdi.  d  by 
a  funnel,  he  produces  a  very  thin  flame,  and  "onfe- 
quently  cxpofes  a  very  large  furface  of  the  oily  va- 
pour to  the  conuct  of  the  air.  As  there  is,  however, 
a  Ih-ong  attraftion  between  the  particles  of  fire,  dicre 
would  be  danger  of  the  flame  uniting  from  all  the  fides 
of  the  temp,  at  a  cerrain  height  above  the  fjnncl,  an<^ 
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lb  forming  a  conical  flame  like  that  of  a  common 
candle,  was  it  not  that  this  efi^eft  is  prevented  by  a 
lube  of  glafs  with  which  he  furrounds  the  flame, 
which,  when  warmed,  counterafts  the  attraftion,  which 
the  different  fides  of  the  circular  flame  would  have 
for  each  other,  and  fo  prefcrves  the  current  of  air 
free  and  wi:hoi:t  interruption. 

Tlie  fame  principles  will  apply  to  the  confl^niftion 
of  common  fires.  The  great  objedt  ftiould  be,  to  ex- 
pofe  as  large  a  furface  of  the  fuel  as  pofllble  to  the 
air,  or  rather,  if  poflJble,  to  introduce  a  ftrong  and 
(iiffufed  current  of  air  through  the  fire.  On  this  prin- 
ciple the  air  furnace  is  conftrufted.  It  is  well  known 
thatthefe  furnaces  confift  of  an  aperture  or  afli-holc 
under  the  fire,  and  a  high  vent,  funnel,  or  chimney 
above,  and  that  the  door,  by  which  the  fuel  is  intro- 
duced, is  kept  clufed,  unlefs  it  fliould  be  occafionally 
6pcned  for  the  purpofe  of  diminilhing  the  heat.     By 
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which  bring?  a  ftipply  of  pure  air  to  unite  with  the 
inflammabje  matter  contwncd  in  the  coal. 

The  inSammable  and  pure  air,  which  are  apparendjr 
eonfumed  by  the  procefs  of  combuftion,  are  in  reality, 
by  their  union,  converted  into  water,  as  will  be  evinced 
by  fixing  an  alembic  head,  or  any  good  recipient,  to 
die  top  of  Mr.  Aigand's  lamp,  in  which  a  quantity  of 
water  will  prefcntly  be  found,  but  no  foot. 

There  are,  however,  certain  fub{tances,  luch  as 
gunpowder,  &c.  which  will  burn  with  a  very  fmall 
lupply  of  air,  as  when  included  within  the  barrel  of  a 
^n,  and  clofely  wadded.  To  explain  this,  it  muft  be 
premtfed,  that  nitre,  or  fomc  of  the  ingredients  of  fuch 
compoGtions,  contains  a  large  quantity  of  the  bafis  of 
pure  air  :  and  it  muft  be  remembered,  that  air  confifts 
of  a  certain  matter  or  bafis,  which  is  expanded  by  a 
union  ivith  the  matter  or  element  of  fire,  but  which  is 
alfo  capable  of  exifting  in  a  more  condenfed  ftate. 
l^t  it  alfo  be"  remembered,  that  though  air,  which  is 
a  compound  body,  will  not  penetrate  metallic  Tub- 
fiances,  yet  the  element  of  fire,  or  caloric,  will  pene- 
trate them,  or  any  other  fubftance  with  which  we  are 
acquainted.  One  of  the  ingredients  of  air,  therefore, 
is  contained  in  the  nitre  or  gunpowder,  and  the  other 
(the  fire  or  caloric)  cannot  be  excluded.  When  there- 
fore the  matter  or  elementary  part  of  the  air,  is  fct 
free  fi-om  the  nitre  by  accenfion,  it  immediately  meets 
with  the  matter  of  heat  or  fire,  and  becomes  embodied 
into  the  form  of  air,  and  thus  an  a6lua!  fupply  of  that 
material  is  generated,  though  the  air  of  the  atmofphere 
b  nearly  excluded  *. 

According 

•  Gunpowder  is  a  mbfture,  which  in  an  hundred  part!  contains 
about  75  of  nitre,  <)|  of  fulphur,  and  15}  of  charcoal.  The  effcfl* 
bf  gunpowder  depend  on  the  fudden  produflion  of  a  quantity  of 

Vol.  I.  L  "'» 


Chap.  6.]  Cofnhfiion  cf  Irbn.  t^j 

Wily  the  phoijahoms  of  Kunkcl^  but  the  pyropljori, 
which  we  made  gf, three  parts  of  flour,  or  any  vege- 
table matter  convertible  into  charcoal,  and  one  of  alum, 
will  ipipiediately  ignite,  on  being  cxpofcd  to  the  air 
in  the  ordinary  heat  of  our  atmolphere.  In  this  cafe 
the  pyrqphoriis,  which  is  of  a  light  fpongy  texture, 
prefents  a  large  furface  containing  a  qu:intity  of  in- 
flammable matter  to  the  atmofphcrc,  and  the  union 
of  the  ,two  fubftances  immediately  fucceeding,  the 
matter  of  fire  is  emitted,  and  Ignition  takes  place. 

,Every  means,  indeed,  by  which  pure  air  may  be 
attracted  and  condenfcd,  will  produce  flame.  It  was 
<)bfcrved  in  djc  preceding  paragraph,  that  ircm  was 
Ignited  with  difficulty  j  yet  if  a  very  fmafl  iron  wire  is 

before  the  deiotution  takes  phcc  ;  r.nd  tlih  fafl  is  fuRicicnt  to  ex- 
plain the  whole  appcar.ince.  Whin  cr\  il.illty.cd  nitre  and  liver  of 
fulphur  are  expofed  to  the  ailion  of  hfat,  iiifliminablc  or  hepatic 
£31  is  drfengaged  from  ihc  l:i[ier,  while  the  fait  gives  out  vital 
air.  Now  tbefe  two,  which  together  are  capable  of  producing  a 
flrong  inflammation,  as  we  have  obfeived  in  the  hillor/  ofinflain- 
jnable  gas,  arc  let  on  fire  by  a  portion  of  the  fulphur.  But  as  the 
thick  fluid  they  are  obliged  to  pafs  through  prefents  a  confideiable 
obitacle,  and  as  the  whole  takes  lire  at  the  fame  iullanl,  they  llrike 
tbe  air. with  fuch  rapidity,  that  it  refills  in  the  fanic  manner  as  ihc 
chaicbcr  of  a  mufquet  refills  the  expanfion  of  gunpowder.  A 
ftacfof  this  is  obfervablc  in  tlie  effeil  the  fulminating  powder  has 
on  the  ladle  in  which  it  explodes.  The  bottom  of  this  veilel  is 
bulged  outwards,  and  the  Gdcs  bent  inward;,  in  the  fame  manner 
ai  if  ic  had  been  .-lAed  on  by  a  force  di:e£ted  perpendicularly 
downwards,  and  laterally  inwards.'— /'tnrfrffy'/  C&r/n.  v.  ii.  p.  588. 
Gold  precipitated  from  its  folution  in  aqua  rcgia  by  means  of 
volatile  alkali,  conftiluies  a  fubilancc  called  fulminating  gold,  the 
clicdi  of  which  are  Hill  more  tremendous  ihsn  iliofe  of  the  pre- 
ceding compqiitions.  An  e-Vtremely  fmall  portion  of  it  is  fuSi- 
cient  to  produce  alarming,  and  even  fatal  cfl'cfls  }  and  what  rcn- 
dws  it  dill  more  dangerous  is,  thai  a  mere  blow,  or  a  flight  degree 
offriclion,  are  fufficient  to  ignite  it.  With  refptfl  to  the  caufe  of 
the  explofive  power  of  this  fubllance,  it  will  be  explained  when4 
,treat  of  goM  itftlf. 

L  2  conveyed 
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conveyed  into  a  clofc  bottle  filled  with  this  air,  with  a 
fmall  piece  of  tinder  or  any  camUiftible  matter  upon 
it,  to  which  fire  lias  been  communicated,  the  wire  will 
be  obfcrvcd  to  burn,  after  the  otlicr  combuftible  mat- 
ter is  confuiiied,  with  a  clear  and  bright  flame,  and  if 
theie  ii  a  large  quantity  of  pure  air,  the  whoic  of  the 
iron  will  be  converted  into  a  calx. 

It  has  been  amply  dcir.onftrated,  that  the  condcn- 
fation,  not  only  of  pure  air,  but  of  every  fluid,  is  at- 
tended with  the  cmifTiOn  of  heat  or  elementary  fire'; 
and  even  the  partial  condcnfation  of  a  fluid,  or  the 
reduftion  of  it  fi-om  a  rarer  to  a  denfcr  flatc,  wiD 
produce  the  fame  effeft.  Thus  air  and  vapour  are 
rarer  fluids  than  water,  and  their  condcnfation  into 
water  always  produces  fc-nfible  hoi: ;  thus  fixable  air 
is  a  denier  fluid  than  atmolplierical  or  pure  air; 
and  when  a  quantity  of  the  latter  is  by  any  piocels 
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If  one  of  the  fubftanccs  contains  a  large  quantity  of 
the  bafis  of  pure  air,  and  a  ftrong  general  attraftion 
«dfts  between  the  fubftanccs,  a  fimilar  cfFeft  will  cnfue. 
Thus,  if  aqua  forris,  or  ftrong  nitrous  acid,  is  poured 
upon  oil  oi  turpentine,  the  artraftion  between  the  in- 
flammable part  of  the  oil  and  tlie  pure  air,  which  the" 
jiilrous  acid  cantons  in  abundmcci  will  be  fa  violent, 
that  the  whole  will  be  inftantaneoufly  converted  into 
6ame.  The  fame  c.iFeft  is  produced  from  a  mixture 
of  black  wad  (an  ore  of  manganefc,  containing  much 
oxygen  or  pure  air)  with  common  linfeed  oil.  If  a 
quantity  of  nitrated  copper  alfo,  or  the  fait  which  is 
formed  by  the  folution  of  copper  in  the  nitrous  acid, 
is  moiftened,  and  inclofed  in  a  piece  of  tin-foil,  the  (alt 
melts  or  deliquefccs,  nitrous  fumes  are  emitted,  and 
the  mafs  fulHcnly  Liirfts  into  a  flame.  This  cfleft  ii 
undoubtedly  occafioncd  by  the  ftrong  attraftion  of  the 
tin  for  the  nitrous  acid,  by  which  thf  fire  is  extricated 
in  ib  rapid  a  manner  as  to  produce  inflummntion. 

The  efFeifts  of  fpontaneous  inflammation  are  chiefly 
fccn  in  the  mineral  world;  and  to  this  caufe  is  to  be 
attributed  a  variety  of  the  moft  formidable  phenomena 
of  nature,  fuch  as  volcanoes,  earthquakes,  &c. 

M.  Lavoificr  dcfcribcs  an  apparatus  for  afcerCaining 
the  quantities  of  heat  extricated  during  the  combuftion 
of  difl^erent  fubftances.  This  contrivance  refts  on  tlie 
propofition,  that  when  a  body  is  burnt  in  the  center 
of  a  hollow  fphere  of  ice,  and  fuppli-.-J  with  air  at  the 
temperature  of  32°,  the  quantity  of  ice  mated  from 
the  infide  of  the  fphere  becomes  a  meafure  of  the  re- 
lative quantities  of  heat  difcngagcd.  With  this  appa- 
ratus, phofphoRis,  charcoal,  and  hydrogen  gas,  gave 
jhe  following;  rtrults; 

One  pound  of  phofphorus  melted  one  hundred  pounds 
of  icci 

L  3  One 
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One  pound  of  charcoal  mehcd  mne^-lix  (btAids 
eight  our-cer. 

One  pound  of  hydrogen  gas  melud  apjlbs.  9  oullit^ 
2i  drams. 

As  a  concrete  acid  is  formfed  by  die  CoilhbaftStaif  oF 
phofphorus,  It  is  probable  that  vtrf,  Htde  htao!  or  dU-. 
loric  remains  in  the  acid,  ahd>  conreqaendy.  tlut  dife 
above  experiment  gives  u<i  very  nearly  the  #h(^  qmi^ 
tity  of  elemental^'  fire  contained  irt  the  oXygtn  g;34. 

M.  Lavoificr  had  foond,  ty  a  fohTier  experimeiUv 
that  or.?  pound  of  phofphorus  abforbs  one  pound^^ 
ounces  of  oxygen  during  combuttion  j'and  fihc^  S;^ 
the  fan'e  operation,  one  hundred  pounds  of  tc€  iii^ 
melrcd,  it  foUov.-s,  that  the  quantity  of  calbrTc  c6n- 
tainL-d  in  one  pound  of  oxygen  gas  is  capable  of  melt-. 
ing  (16  lbs.  10  ounces,  5  drams,  24  grains  of  icc."  fly 
the  aid  of  tliis  (implc  contrivance,  M.  Lavoifier  his 
been  able  to  afcertain,  with  apparent  accuracy,  EEe 
of  caloric  diJ'enga£ed  in  moft  of  the 
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Id  the  combuAion  of  one  poand  of  charcoal,  2  Ibi.  90Z.  igroi^ 
logn.of  ox/geDgasareabforlied,  and  3  lbs.  c^oz.  i  gros,  logrs. 
of  carbonic  ia^  gas  are  fonned. 

.  Cabric,  difen^ged  daring  the  combuftion  of  one  pound  of  chu- 
coal-        -        -        -        -         -        -,.        96.50000  f . 

Ciloric  diiengagsd  daring  the  coinbuftioD  of  diarcoal,  from  chch 

jOTDd  of  oxygan  ga*  abforbed  ...        ^j.jzSij. 

CaioFfc  difengiged  during  the  formation  of  om  pound  of  cap* 

MtKidgu  - 27.02024; 

Ctloric  retained  by  each  pound  of  oxygen  after  Uu  combuf- 

^       - 29->3^44- 

Caloric  neaeflary  fw  fupporiing  one  pound  of  carbonic  acid  ia 

de  Sate  of  gai  -...._         lo.qjgCa. 

In  the  combuftion  of  one  pound  of  hydfogeo  gai,  j  lbs.  100%. 

i%iw,  X4gr9.    of  oxygen  gas  are  abibrbcd,   and  6  !bi.  10  oz- 

jpoi,  14.  grs.  of  water  are  formed. 

Caloric  from  each  lb.  oF hydrogen  gat       -     .    _     ig^-s^Q^at 

Caloric  from  each  lb.  of  oxygen  gai     -     -     •    -       52.16S80. 

Ciloric  dilcDgaged  during  the  formation  of  each  lb. 

of  water      -     -      --..-.--.    44.3J84OU 
Caloric  retained  by  each  lb.  of  oxygen  after  coro- 

buftton  with  hydrogen  ---_•-•-     i^.^oj96t 
Caloric  retained  by  each  lb.  of  water  at  the  tempe- 

rawreofZero  (3:')     --------     12.32823. 

'  When  we  combine  nitrous  gas  wi(h  oxygc  gas,  fo  ai  to  form 
nitric  or  nitrous  acid,  a  degree  of  heat  it  proijuced,  wbicli  is  much 
lers  con  fide  rablc  than  whit  is  evolved  durini-  ihe  other  combina- 
tions of  oxygen;  whence  it  follows  that  oxygen,  when  it  becomes 
fxed  in  nitric  acid,  retains  a  great  part  of  ^hc  heat  which  it  pof- 
fefled  in  the  ftaxe  of  gas.  It  is  certainly  pollihie  to  determine'  the 
quantity  of  caloric  which  i;  difcngaged  duiio'.  the  combination  of 
thcfe  two  gaffes,  and  confequentiy  to  detern-.i.ie  what  (juantity  re- 
mains after  the  combination  take  place,  'i'le  firil  of  ihcfc  quan- 
tities might  be  alcertained,  by  nuking  ibe  '.omlti nation  of  :iie  two 
gafles  in  an  apparatus  fiirroundi;.'  by  ici; ;  but,  ar.  the  qunntity  of 
caloric  dii'eng.igcJ  U  very  i n co n fide r able,  it  would  be  necilliiry  to 
operate  upon  a  large  quantity  of  the  two  gaffes  in  a  very  trouble- 

t  .\1!  chefe  relative  qoantitiss  of  caloric  are  cxprelltd  byjha 
number  of  pounds  of  i:e,  ai>d  decimal  parts,  melted  during  the  fu- 
veral  operation]. 

L  4.  **"" 


152  Beat  exirieaied  in  Combufiion,     (Book  R« 

fome  and  complicated  apparatus.  By  xhu  confidention,  Mr.  Ak  la 
Fkce  and  1  have  hitherto  been  prevented  from  nuking  the  at- 
tempt. In  the  mean  time,  the  place  of  fuch  an  experiment  may 
be  fupplicd  by  calculationt,  the  refulta  of  which  CMUOt  be  very  fiur 
from  ^ruth. 

*  Mr.  de  la  Place  and  I  deflagrated  a  convenient  quantity  of 
nitre  and  charcoal  in  an  ice  apparatus,  and  found  that  twelve 
pnunds  of  ice  were  melted  by  the  deflagration  of  one  pound  of 
td^re.  We  Ihall  fee,  in  the  fequel,  that  one  pound  of  nitre  u  com-. 
pofed,  as  under,  of 

Pot-9(h     70Z.  6  gro»  ^1.84  gn.  ==  4S>!i-84g'3ii 
Dry  acid  S         1  31. i&  =4700.16. 

The  above  quantity  of  dry  aud  ii  compofed  of 
Oxygen  6  oz.  3  groj  6^.34  gr».  =  3738.54  gra. 
Azote       I         5  25.83  =    961.8a.  .  I 

■  By  this  we  find  that,  during  the  aboW  deflagration,  a  gnu  if  gr.. 
of  charcoal  have  fuffered  combuftion,  along  with  37.38.34  grs,  or 
6  oz.  3  ^roi,  66.34  S"-  °f  oxygen.  Hince,  fmcc  la  Ibi.  of  ice 
were  melted  during  tl>e  con'buftjon,  ii  follows,  that  one  pound  of 
Oxygen  burnt  in  the  Hime  manner  would  have  melted  39.58320  Iba. 
To  which  the  quantity  of  c.^1o^ic.  retained  by  a  pound  of 
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acnts  in  the  Memmrs  of  the  Academy  for  17841  p*  606,  one  poun4 
of  wax-taper  confitts  of  13  oz.  i  gros*  23  grs.  of  charcoal^  aiul 
%OL.  6  gros,  49  grs.  of  hydrogen. 

'  By  the  foregoing  experiments,  the  abov# 
qiiantity  of  charcoal  ought  to  niflt    -      -     79.39390  lbs«  of  Ice; 
and  the  hydrogen  fhould  melt     .      ^      -      52.3760; 

In  all    131.769951(13. 

«  Thus,  we  fee  the  quantity  of  caloric  difeQgaged  from  a  bum« 
ing  uper,  id  pretty  exadlly  conformable  to  what  was  obtained  by 
burning  feparately  a  quantity  of  charcoal  and  hydrogen,  equal  to 
what  enters  into  its  compofition.  Thefe  experiments  with  the  ta- 
per were  feveral  times  repeated,  fo  th^t  I  have  reafon  to  believa 
ihem  accurate.'  La^ojfier^s  Cbemifiry^ 


mmmm 


A    SCALE    OF    HEAT. 

The  firft  part  of  this  tabic  is  taken  from  Mr.  Wedg\vood's  fcale, 
accoiAig  to  his  clay  pyrometer,  the  reft  is  by  Fahrenheit's 
icale. 


Fahr. 

Wcdg. 

Extremity  of  the  fcale  of  Mr.  Wedgwpod'j 

s  ther- 

mometer                —                 — 

— 

3"77*' 

240" 

Greatcft,  heat  of  his  fmall  air  furnace    — 

— 

21877 

160 

Can  iron  melts            —                — 

— 

17977 

130 

Greateft  heat  of  a  common  fmith's  forge 

— 

17327 

125 

Welding  heat  of  iron,  groateil        — 

— 

13427 

95 

,  leaft          — 

— 

^^777 

90 

Fine  gold  melts        <—                — » * 

— 

S^^7 

32 

fine  iilver  melts        -1-            — 

— 

^7^7 

•28 

Swediih  copper  melts   ^        — 

— 

4587 

27 

Brafs  melts         _             — ,            _ 

— 

3807 

21 

Heat  by  which  hi*  enamel  colours    arc. 

burnt 

on          —                 —                    -r- 

1857 

6 

Fahr. 

Iron  with  a  white  fparkling  heat            — 

— 

2780* 

Iron  with  a  heat  almoft  white         — 

-i- 

— 

2080 

The  heat  of  live  coals  without  blowing,  pc 

rhaps  about 

1650 

Iron  with  a  glowing  red  by  day-light 

— 

--. 

1600 

*54 
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Iron  ju:l  red-hot  by  day- light  — 

Iron  juft  r^d-hot  in  the  dark         —  _ 

Gre^ttR  heat  of  lead  in  fufion  

Colours  ol"  iron  arc  ba-ned  off        —  -_ 

MiTCury  boils,  by  Tome  phccd  u  600        — 
'  Polillied  iron  takes  a  full  blac  — 

Polllhed  iron  ukct  it  purple         —  — - 

Linreed  oil  boiU,  by  (bine  ai  600  — 

J.f  ad  melts        _-  _  _ 

Polifhed  iron  ukes  a  (traw  colour  >— 
Oil  of  vitriol  boils  —  -~ 

Brafs  takn  a  bloc  colour        ^  —        1 

Bifmuth  melts       _  _  _ 

Tin-foil  and  bifmuth  melt       —  — . 

Tin  meits  —  —  ■  ^ 

Equal  parts  of  tin  and  bifmuth  melt  — • 
Equal  parts  of  tin,  lead,  and  bifinutli  melE 
Water  boils         . —      ■  __  __ 

Brandy  bcils  _  _  _ 

Reflified  fpirit  of  *ioe  boils  _ 

Serum  of  blood  and  white  of  eggs  coagulate 
Uees-wax  melta  —  — 

Created  heat  of  water  which  the  hand  can  well  bear 
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—  7«> 

—  70a 

—  660 

—  6jo 

—  610' 

—  6of 

—  S4« 

—  soo 

—  4«o 

—  «• 

—  40». 

—  J83 

—  Z30 

—  31s 
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Book    III. 
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C  ft  A  p.      I. 

HISTORY   OF  DISCOVERIES   CONCERNING 

LIGHT,  Sec: 

Offnions  cf  the  Platonics, — Of  Anjloth, — Of  Jlhazen, — Of  Roger 
Bacon^'-^Tbe  Invention  of  ZpeSlacles. — Treatife  cfMaurolycus  on  Vi- 
fiokj-^-^Lcng  and Jhort  Vificn.'-^ReaJon  that  the  Sun^s  hnagi  appears 
rmmdt  though  the  Rays  pafs  through  an  angular  Aperture^ — In'ven^ 
lion  cf  the  Camera  Ohfcura,'-^onje3ures  of  Fletcher  on  the  Raitt" 
toFiu^^^lnvention  of  the  'Telefcope,i-~^Suppofed  to  be  by  Zacharias 
y an/en j^^alileo,--^KepUr,-^-'In'vent ion  of  the  Micrcfcope.^^Tych9 
Brabe^'-^Rcformaiion  of  diflorted  Images,"^  Snellius  and  Hortcnftus. 
^Defcartes.^^^cheintr,^- Velocity  of  Light  difcovered, — Boyle* s 
Difco*ueries  on  Colour s.'^'Grimaldif^^Gregcry.^^Ne^Ait on  \  his  Dif- 
ecveries  an  Coloro's. — On  Refrangibility* — Bolognian  Stone, — Buld^ 
'iuii^s  Phofphorus^  IS^c. — Bradley, — Bouguer, — Melville. — DollanJ, 
— />/  la  Mottij^'Delo'VaL 

TH  E  moft  ancient  hypothefis,  which  leads  to  the 
true  theory  of  light  and  colours,  is  that  of  the 
Platonics,  namely,  that  light,  from  whatever  it  pro- 
ceeds, is  propagated  in  right  lines ;  and  that  when  it 
is  reflefted  froni  the  fur  faces  of  polilhed  bodies,  the 
angle  of  reflcrxion  is  equal  to  the  angle  of  incidence. 

To 

•  The  unfcientific  reader  is  parneftly  requefled  to  give  pard- 
cular  attention  to  the    folIov\iRg   fnort  axioms  and  definitions* 
which  will  enable  him  cot  only  better  to  undcrlland  this  chapter, 
but  all  the  fucceeditfg ;  and  if  in  the  courfe  of  this  book  any  diffi- 
culty 
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To  this  may  be  added  the  opinion  of  Aiij^Ie,  who 

iuppofcd  that  rainbows,  halos,  and  mock  funs,  were 

occafiocetj 

culty  Ihoold  occur,  he  will  probably  Snd  it  removed  by  refernDg 
tf  this  note. 

1.  Light  is  a  matter,  the  particles  of  which  afe  extremely  finaJlr 
nhich,  by  Srilcing  on  our  vifual  organt.  givf*  ui  the  lea&dan  of 

2.  The  particles  of  light  are  imittid  from  what  are  called  f-mit 
ntui  bodies,  Tuch  as  the  fun,  a  fire,  a  torch,  or  candle,  ftc.  &«.  \ ' 
it  is  rrfiJliJ  or  fent  back  by  what  are  termed  afaii  bodies,  or 
thofe  which  have  no  power  of  alTording  light  iu  ihemfelvei. 

3-  Light,  whe'.her  emitted  orreflefled,  alu^ys moves  in_^az>  or 
Jirecl  linti,  a%  may  eaft'y  be  proved  by  looking  into  a  bent  tnbe 
wliich  cddenil}'  obltru^s  the  progrefs  of  the  light  in  dired  ^ncf. 

4-  By  a  raj  of  light  is  ufnally  meant  the  le^  particle  of  light 
that  can  be  either  intercepted  or  feparated  fiom  the  reA.  A 
Icum  of  li^ht  \i  generally  ufed  to  exprela  fomcthing  of  an  aggre- 
gate or  nicifi  of  light  greater  than  a  fingle  ray. 

5.  Parallel  rtiyi  are  fuch  as  proceed  rijually  dtftaat  from  each 
other  through  their  whole  courfe.     The  diftaoce  of  the  fun  from 
s  proceeding  from  the  body  of 
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occafioned  by  the  reflexion  of  the  fun's  beams  in  differ- 
cnt  circumftances.    We  have  rcafon  to  believe,  that  the 

ufe 

1 2.  Plwu  mirrors  o/  /peculunu  are  thoTe  ref!e6ling  bodies,  th« 
fui^ces  of  which'  are  perfedtly  plain  or  even,  fuch  as  our  commbn 
looking-glafles.  Convix  and  concave  mirrors  are  thofe  the  fur- 
faces  of  which  are  curved. 

13.  An  inci/ent  rsfjf  is  that  which  comes  from  any  body  to  the 
refleding  fu^ce;  the  reJUQedray  is  that  which  is  fent  back  or  re- 
fleded. 

14.  T\i<tfuigle  of  incidenct  is  the  angle  which  is  formed  by  the 
line  wjuch  the  incident  ray  defcribes  in  its  progrefs,  and  a  line 
drawn  perpendicularly  to  the  refle£ling  furface ;  and  the  angle  of 
/■efie^ioM  is  the  angle  formed  by  the  fame  perpendicular  and  the 

s     h 

reflcded  ray,  thus,       ▼       c ;  where  a  is  the  angle  of  incidence, 
/  the  angle  of  refledion,  and  c  the  rcfledling  furface. 

15.  By  a  medium  opticians  mean  any  thing  which  is  tranfparent, 
ftich  as  void  fpace,  air,  water,  or  glafs,  through  which  confe- 
quently  the  rays  of  light  can  pafs  in  Urait  lines. 

16.  The  refraction  of  the  rays  of  light  is  their  being  bent,  or 
attrafled  out  of  their  courfe  in  paffing  obliquely  from  one  medium 
to  another  of  a  different  denfity,  and  which  caufes  objeds  to  ap- 
pear broken  or  diftorted  when  part  of  them  is  feen  in  a  different 
medium.  It  is  from  this  property  of  light,  that  a  flick  or  an  oar 
which  is  partly  immerfed  in  water  appears  broken. 

17.  A  lens  is  a  tranfparent  body  of  a  different  denfity  from  the 
fnrrounding  medium,  commonly  of  glafs,  and  ufed  by  opticians  to 
collet  or  difperfe  the  rays  of  light.  They  are  ingeneral  either  con^ 
*oex,  that  b,  thicker  in  the  middle  than  at  the  edges,  which  colled 
and  by  the  force  of  refraftion  converge  the  rays,  and  confcquently 
magnify ;  or  conca've,  that  is,  thinner  in  the  middle  than  at  the 
edges,  which  by  the  refraction  difperfe  the  rays  of  light,  and  dimi- 
nilh  the  objedls  that  are  feen  through  them. 

18.  Fi^on  is  performed  by  a  contrivance  of  this  kind.  The 
cryllalline  humour,  which  is  featcd  in  the  fore  part  of  the  hu- 
man eye,  immediately  behind  the  pupil,  is  a  perfc£l  convex 
lens.  As  therefore  every  objedl  is  rendered  vifible  by  beams 
or  pencils  of  light  which  proceed  or  diverge  from  every  radi- 
ant point  of  the  obje£l,  the  cryftalline  lens  collefts  all  thcfe  di- 
vergent rays,  and  caufes  them  to  converge  on  the  back  part  of 
the  eye,  where  the  retina  or  optic  nerve  is  fpread  out ;  and  the 
points  where  each  pencil  of  rays  is  made  to  converge  on  the  re- 

tins. 
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■ufe  of  convex  glafles,  both  as  (oagnifiers  and  as  burn- 
ing glafles,  was  not  unknown  to  tlie  ancients,  though 
die  theory  was  not  underftood.  The  magnifying 
power  of  glafles,  and  fome  other  optical  phenomena, 
were  alfo  largely  treated  of  byAIliazen,  an  Arabic  phi- 
iofopher  of  the  twelfth  century.  Thcl'e  obftrvations 
were  followed  by  thofe  of  Roger  Bacon,  who  dcraon- 
flrates  by  aftual  experiment,  that  a  finail  fcgment  of 
a  glafs  globe  would  greatly  afliil:  the  fight  of  old  per- 
fons  ;  and  from  the  hints  afforded  by  thefe  two  philo- 
fophcrs,  it  is  not  unreafonable  to  conclude,  that  the 
invention  of  fpeftacles  jij^oceeded.  Concerning  the 
adluai  author  of  this  ulcful  invontion,  we  have  no 
certain  information;  we  only  find,  that  it  was  gene- 
rally known  about  the  beginning  of  the  ibucteenth 
century. 

In  the  year  1575,  Maurolycus,  a  teacher  of  marhe- 
matics  at  Mcflinaj  publittied  atr^gtifc  on  optics,  in 
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which  he  dcinonftratcs,  that  the  cryftalline  humour  of 
the  eye  is  a  lens,  which  cbllefts  the  rays  of  light  prd- 
cceding  fronr  external  objcSs,  and  throws  them  on  the 
retina,  or  optic  nerve.  From  this  .principle  he  was 
led  to  dHcovcr  the  rcafon  of  what  are  called  fhort  and 
imperfeft  fight.  In  the  one  cafe,  the  rays  converge 
too  foon  ;  in  the  other,  they  do  not  converge  foon 
enooo^.  Hence  fliort-fighied  pcrfons  are  relieved  by 
aconcaveglafs,  which- caufes  the  rays  to  diverge  in 
feme  degree  before  they  enter  the  eye,  and  renders  it 
niore  difficult  for  them  to  converge  fo  faft  as  they 
wGidd  have  done  after  entering  the  cryftalline  hu- 
mour i  hence,  too,  he  proves  that  a  convex  lens  is  of 
life  to  pcrfons  who  have  weak,  but  long  light,  by 
cauOng  the  rays  to  converge  fooner,  and  in  a  greater 
quantity,  than  would  othcrwife  happen.  He  was  the 
firfl,  alio,  that  folved  a  problem,  which  had  caufed 
much  perplexity  in  the  ancient  fchools,  refpeiting  tiic 
fun's  inwLge  appearing  round,  though  the  rays  that 
form  it  are  iranrmittcd  into  a  dark  room  througii  an 
^angular  aperture.  He  confidercd,  that  as  the  rays  of 
light  are  conftantly  proceeding,  in  every  dircftioni 
from  every  part  -of  the  fun's  tiifk*,  "  they  muft  be 
croffing  each  other  from  the  extreme  part  of  it  in 
every  point  of  the  apeitiire;  fo  rhat  every  fuch  point 
will  be  the  apex  nf  two  cones,  of  wliicli  the  bafe  of  the 
one  is  the  fun's  difk,  and  thai  of  tlje  other  his  image 
on  the  oppofite  wall."  The  whole  inwge,  tlicrefore, 
conlifb  of  a  number  of  images,  all  of  which  are  cir- 
cular  j  the  image  oi  tlie  fun  formed  of  thofe  images 
mult  be  circular  a!fo  ;  and  it  will  approach  die  nearer 
a  pcrfed  circle,  the  fraaller  the  aperture,  and  the  more 
Uiftant  the  image. 

Nearly  about  the  fame  time,  Johannes  Baptifta 

•  The  face  of  ihc  fun. 

Porta, 
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Porta,  of  Naples,  uivenced  the  camera  oblcunii  and 
his  experimcnu  Qpon  that  inftrument  convinced  him 
thaE  light  is  a  fubftancc,  by  the  tntromiflion  of  which 
into  the  eye  viHon  is  performed ;  for  it  ii  proper  to 
mention,  chit  before  his  time  the  opinioii  was  almoft 
general,  that  vifion  depended  upon  what  was  termed 
v^ujI  ra)s,  proceeding  from  rhe  eye.  In  thb  the  fyf- 
tem  of  i'ona  corrcfponds  nearly  with  that  of  MainvH 
lycus  :  but  it  ought  to  be  remarked,  that  the  dilcove- 
rics  of  each  of  thefe  two  philofophers  were  unknown  to 
the  other.  He  fhews,  moreover,  that  a  defeft  of  light 
is  remedied  by  the  dilatation  of  the  pupil,  which  con* 
trails  involuntarily  when  cxpofed  to  a  ftrong  lights 
and  opens  when  the  light  is  faint  and  languid. 

One  Fletcher,  of  Bredau,  in  1 571,  endeavoured  m 
account  for  the  phenomena  of  the  rainbow,  by  a  dou-> 
ble  reflexion  and  one  refraction ;  but  Antonio  de  Do^ 
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ifito  common  ufc.  The  inventor  of  the  telefcopc  is 
HOC  certainly  known.  The  moft  prol>able  account  isy 
that  one  Zacharias  Janfen>  a  fpedtacle  maker  of  Mid- 
dleburghj  trying  the  cfFcft  of  a  concave  and  convex 
glais  united^  found  that,  placed  at  .a  certain  diftance 
from  each  other,  they  had  the  property  of  bringing 
diftant  objcfts  apparendy  nearer  to  the  eye  *.  Tele- 
fcopes  were  greatly  improved  by  Galileo,  who  made 
one  to  magnify  tl^irty-three  times,  and  with  this  he 
made  all  his  wonderful  aftronomical  difcoveries. 

The  rationale  of  tclcfcopes  was,  however,  not  ex- 
plained till  Kepler,  who  defcribed  the  nature  and  the 
degree  of  rcfradkion,  when  light  pafled  through  denfer 
or  rarer  mediums,  the  furfaces  of  which  are  convex  or 
concave,  namely,  that  it  corrcfponds  to  the  diameter 
of  the  circle  of  which  the  convexity  or  corxavity  arc 
portions  of  arches.  He  fuggeftcd  lome  improvements 
in  the  conftruftion  of  tclcfcopes,  which,  however, 
were  left  to  others  to  put  in  praftice. 

To  the  Janfcns  we  are  alfo  indebted  for  the  difcovery 
of  the  microfcopc;  an  inftrumcnt  depending  upon 
cxaftly  the  fame  principles  as  the  former.  In  faft,  it 
IS  not  improbable  that  the  double  lens  was  firft  applied 
to  the  obfervation  of  near  but  minute  objcftb,  and 
afterwards,  on  the  fame  principles,  to  objeds  which 
appeared  minute  on  account  of  their  diftancc. 

Much  attention  was  given  by  Kepler  to  the  invcf- 
tigation  of  the  law  of  refraftion ;  but  he  was  able  to 

•  An  account  which  is  very  commonly  received  is,  that  fome 
ef  his  children  playing  in  his  (hop  with  ft)cdtacle  glaflT  5,  perceiv- 
ed that  when  they  held  two  of  thefe  glaiTcs  between  their  fingers, 
at  a  certain  diiUnce  from  each  other^  the  dial  of  the  clock  ap^ 
peared  greatly  magnified,  but  in  an  inverted  pofuion.  From  this 
their  father  took  the  idea  of  adjufting  two  of  thefe  glailes  on  a 
hoard,  fo  as  to  move  them  at  pleafute. 

Vol.  h  M  advance 
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advance  no  nearer  the  truth  than  the  obfervadon,  cIku: 
when  the  incident  ray  does  not  make*an  ang^  of  more 
than  thirty  degrees  with  the  perpendicular,  the  ttiraft- 
ed  ray  proceeds  in  an  angle  which  is  about  two-thirds 
of  it.  Many  difputes  arofc  about  the  time  of  Kepler 
( 1 600)  upon  this  fut^eA,  but  it  appears  tbaf  Ikde  wn 
effefted  by  them  in  the  caufe  of  truth. 

Kepler  was  more  fuccefsflil  in  purfuing  the  difco- 
veries  of  Maurolycus  and  B.  Porta.  He  demooftrated 
that  images  of  external  ol^efts  were  formed  upon  the 
optic  nerve  by  the  foci  of  rays  coming  from  every 
part  of  the  objeft;  he  alio  obferved,  that  thefe  image* 
are  inverted ;  but  this  circumftance,  he  fays*  is  rcdi- 
Red  by  the  mind,  which,  when  an  impreiliOQ  is  made 
on  the  lower  part  of  the  retina,  confiders  it  as  made 
by  rays  proceeding  from  the  higher  parts  of  the  object 
Habit  is  fuppofed  to  reconcile  us  to  this  deccpdon, 
and  to  teich  us  to  dircft  our  hands  to  thofe  parts  of 
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concave  or  convex  fpeculums  was  invented,  but  it  a 
Uncertain  by  whom. 

The  true  law  of  refrafllon  was  d'lfcovered  by  Snel- 
liua,  the  mathematical  proftrflTor  at  Leyden ;  but  not 
living  to  complete  it,  the  difcovcry  was  publifhed  and 
cipUincd  by  ProfelTor  Hortenfius.  Some  difcoveries 
rf  lefler  importance  were  made  at  this  time,  among 
others  by  Dcfcartes,  who  very  clearly  explained  the 
nuure  and  caiife  of  the  Bgure  of  the  rainbow,  though 
be  was  able  to  give  no  account  of  the  colours ;  he 
however  coofidered  the  fmall  portion  of  water,  at  wluch 
the  ray  ifltiea,  as  having  the  effcft  of  a  prifm,  which 
w«  known  to  have  the  property  of  exhibiting  the 
light,  tranfmitted  through  ir,  coloured. 

In  1615,  the  curious  difcovcry  of  Scheiner  was  pub- 
lifhed at  Rome,  which  afccrtains  the  fa<ft,  that  vifion 
depends  upon  the  images  of  external  objefts  upon  the 
retina.  For  taking  the  eye  of  an  animal,  and  cutting 
away  the  coats  of  the  back  part,  and  prefenling  diffe- 
rent objefts  before  it,  he  ilifplayed  their  images  diftinft- 
ij  painted  on  the  naked  retina  or  optic  nerve.  The 
fame  philofopher  demcnftrated  by  experiment,  that 
the  pupil  of  the  eye  is  enlarged  in  order  to  view  re- 
mote objefts,  and  conrrafled  wlien  we  view  thofe  whicli 
are  near.  He  Ihewed,  that  tiie  rays  proceeding  fror.i 
any  objeft,  and  pafling  ihrough  a  fmall  hole  in  a  pafte- 
board,  crofs  one  another  before  tliey  enter  tlie  eye;  for 
if  the  edge  of  a  knife  is  held  on  the  fide  next  the  eye, 
and  is  moved  along  till  it  in  part  covers  the  !i  ,>Ie,  it 
vill  firtt  conceal  from  the  eye  ihaj  pare  of  the  oojedt 
which  is  fituated  on  the  oppofite  fide  of  the  hole. 

Towards  the  middle  of  the  fcvenrccnth  century  the 

velocity  of  light  was  difcovercd  by  fome  members  of 

the  Royal  Academy  of  Sciences  at  Paris,  particularly 

Cafini  and  Rocmcf,  by  obferving  the  cclipfcs  of  Ju- 

M  2  piter's 
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puer's  fatellites.  About  the  fame  time  Mr.  Boyle 
made  his  experiments  on-colours.  He  proved  that 
fnow  did  not  affeft:  the  eye  by  a  native,  but  rcflefted 
light,  a  ci  rcumftance  which,  however,  at  this  day,  wc 
lliuuld  fcarcely  believe  was  ever  neccfl^ry  10  be  proved 
by  experiment.  By  admitting  alfo  a  ray  of  light  into 
a  dark  room,  and  letting  it  fall  on  a  (hecr  of  paper,  he 
demonftrated,  that  white  reflc(5ted  much  more  light 
than  any  other  colour;  and  to  prove  that  white  bodies 
TtAc6i  the  rays  outwards,  he  adds,  that  common  burn- 
ing-glaffes  will  not,  tor  a  long  while,  burn  or  dilcolour 
white  papcT;  on  the  contrary,  a  concave  mirror  of 
black  marWi;  did  not  refleft  the  rays  of  the  fun  with 
near  fo  much  power  as  a  common  concave  mirror. 
The  lame  effed  was  verified  by  a  tile,  one  half  of  the 
Ibrface  of  which  was  wliice,  and  the  other  black. 

Some  experiments  were  made  about  this  time  on 
the  diiFercnce  of  die  refractive  powers  of  bodies;  and 
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louh.  Upon  mcafuring  the  coloured  image,  which 
was  made  by  the  light  admitted  into  a  dark  chamber 
through  a  prifm,  he  found  that  its  length  was  Bve 
times  greater  than  its  breadth.  So  unaccountable  a 
drcumftance  induced  him  to  try  the  cfFeft  of  two 
prilms  i  and  he  found  that  the  light,  which  by  the  6rft 
prifm  was  difiufed  into  an  oblong,  was  by  the  fecond 
reduced  to  a  circular  form,  as  regularly  as  if  it  had 
palled  through  neither  of  them.  After  many  conjec- 
tures and  experiments  relative  to  the  caufc  of  thefe 
{^nomena,  he  at  length  applied  to  them  what  he  calls 
the  experimentum  crucis.  He  took  two  boards,  and 
placed  one  of  them  dole  to  the  window,  (o  that  the 
light  might  be  admitted  through  a  fmall  hole  made  in 
it,  and  after  pxfling  through  a  prifm  might  fall  on  the 
other  board,  which  was  placed  a:t  about  twelve  feet 
diflance,  and  in  which  there  was  alfo  a  fmall  aperture,  in 
order  that  fome  of  the  incident  light  might  pafs  through 
it  Behind  this  hole,  in  the  fecond  board,  he  alfo 
placed  a  prifm,  fo  that  the  light,  after  pafTing  both  die 
boards,  might  fuffer  a  fecond  refraftjon  before  it 
reached  the  wall.  He  then  moved  the  firfl;  prifin  in. 
fuch  a  manner  as  tomake  tnefeveral  parts  of  the  image 
caft  upon  the  fecond  board  pafs  fucccflively  through 
the  hole  in  it,  that  he  might  obfcrve  to  what  places  on 
the  wall  the  fecond  prifm  would  rcfradt  them.  The 
confequence  was,  that  the  coloured  light,  which  form- 
ed one  end  of  the  image,  fuffered  a  refra(ftion  confi- 
derably  greater  than  that  at  the  other  end ;  in  other 
words,  rays  or  particles  of  light  of  one  colour  were 
found  to  be  more  refrangible  than  thofe  of  another. 
The  true  caulje,  therefore,  of  the  length  of  the  image 
was  evident,  fince  it  was  proved  by  the  experiment, 
that  light  was  not  homogenial,  but  confifted  of  diffe- 
rent particles  or  rays,  which  wecc  capable  of  different 
M  2  degrees 
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degrees,  of  refrangibii'uy,  according  to  which  they  were 
iranfmitted  through  the  prifin  to  the  oppoGte  walL 
It  W2S  further  evident  from  thcfc  cxperimencs,  that  as 
the  rays  of  light  diSer  in  rctrangibJlity,  fb  Aej  atfb 
differ  in  exhibiting  particular  colours,  (bme  rays  pro- 
ducing the  colour-red,  others  diat  of  yellow,  blue,  &c, 
and  of  thefe  different-coloured  rays,  feparatcd  by  mean* 
of  the  prifm  accordir^  to  their  diffirrcnt  degrees  of  re- 
frangibility,  the  oblong  figure  on  the  wall  was  com- 
pofed.  But  to  relate  the  great  variety  of  experinients, 
by  which  he  dcmonffraccd  thefe  principles,  or  tbe  cx- 
tenfit^e  application  of  them,  would  kad  me  too  much 
into  detail;  let  it  fuffice  lo  fay,  that  he  applied  hit 
principles  to  the  fatisia6tory  explanstion  of  the  coltturs 
of  natural  bodies,  of  the  rainbow,  and  of  moil  o[  the 
phenomena  of  nature,  where  light  and  colour  arc  con- 
ccrne(.l ;  and  tliat  almofl  every  thing  which  wc  at  pre- 
fent  know  upon  thefe  fubje^ts  was  kid  open  bjr  his  ex- 
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quendy  that  the  whole  beam  cannot  be  brought  to  a 
.  focus  in  ail/  one  point,  fo  that  the  focus  of  every  ob- 
jeft-glafs  will  be  a  circular  fpace  of  confiderable  dia- 
meter, namely,  about  one  fifty-fifth  of  the  aperture  erf" 
the  telelcope.  To  remedy  this,  he  adopted  Gregory's 
idea  of  a  rcSeftor,  with  liich  improvements  as  have 
been  the  balis  of  alt  the  prefenc  inftruments  of  this 
kind. 

When  a  fcience  has  been  carried  to  a  certain  degree 
of  perieftion,  fubfequent  dift:overies  arc  too  apt  to  be 
.confidercd  as  of  little  importance.  The  real  philofo- 
pher  will  not,  however,  regard  the  difcoveries  on  light 
aod  colouri,  fuice  the  time  of  Newton,  as  unworthy  his 
tftention.  B/  a  mere  accident,  a  very  extraordinary 
property  in  fome  bodies  of  imbibing  light,  and  after- 
waids  emitting  it  in  the  dark,  was  obfervcd.  A  ihoe- 
maker  of  Bolt^nia,  being  in  queft  of  fome  chemical 
lecret,  calcined,  among  other  things,  Jbme  Hones  of  a 
particular  kind,  which  he  found  at  the  bottom  of 
Mount  Peterus,  and  cafualiy  obferved,  that  when  thefe 
Hones  were  carried  into  a  dark  place  after  having  been 
eipofed  to  the  light,  they  poflefTed  a  lelf-illuininating 
power.  Accident  afterwards  difcovered  the  fame  pro- 
perty in  other  fiibftances.  Baldwin  of  Mifnia,  dilTulv- 
ing  chalk  ia  aqua-fonis,  found  that  the  refiduum,  after 
diftiltation,  ex.a<5Uy  rcfcmblcd  the  Bolognian  ftone  in 
retaining  and  emitting  light,  whence  it  now  has  the 
name  of  Baldwin's  phofphorusj  and  M.  Du  Fay  ob- 
fervcd the  fame  property  in  all  fubftances  that  could 
be  reduced  to  a  calx  by  burning  only,  or  after  Iblution 
in  nitrous  acid.  Thefe  fafts  feem  to  eftablifli  the  ma- 
teriality of  light. 

Some  very  accurate  calculations  were  made  about 

the  year  1725  by  Dr.  Bradley,  which  afforded  a  more 

M  4  convincing 
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convincing  proof  of  tlie  velocity  of  light,  and  lAit  mo-  . 
tion  of  the  earth  in  its  orbic  Nor  muft  we  fbi^ec  ^. 
Uougucr's  very  curious  and  accurate  experimeno  for ' 
arrcrtaining  the  quantity  of  light  which  'waa  loft  1^ 
rcll'v-xion,  the  moti  dccifive  of  which  was  by  admitting 
into  a  darkened  chamber  tvo  'rays  of  light,  one  of- 
w-hich  he  contrived  Ihould  be  refleftcd,  and  the  other 
fall  diref):  on  the  oppofitc  wall:  then  b/cci^paring 
tlic  fizc  of  the  apertures,  by  which  the  lig^t  was  ad- 
initied  (that  through  which  the  dircdt  ray  proceeded  ' 
being  niuch  fmaller  than  that  through  which  the  re- 
flefted  ray  was  fufTered  to  pafs,  and  the  iUumioadon 
en  the  W3lt  being  equal  in  both)  he  was  enabled  to 
fbiin  an  exa^  cftinute  of  the  quantity  of  light  which 
«'ai  lofl.  To  prove  the  fame  cQe£t  with  candles,  he 
plaretl  himfelf  in  a  room  perfcAIy  dark,  mth  a  book 
in  his  hand,  and  having  a  candlo  lighted  in  the  next 
rtiuiii,  he  h^d  it  brought  nearer  to  him  till  he  could  juft 
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arc  far  from  unintcrerting.  Thefe  phenomena  he  at- 
tributes to  the  power  which  the  atmofpherc  poUcdbs 
of  rcflefting  tiic  fainter  anJ  more  refrangible  rays  of 
E^t,  the  blue,  violet,  &c.  and  upon  this  principle  he 
^  explained  the  blue  colour  of  the  Hty,  and  fame 
other  phenomena. 

The  fame  period  produced  Mr.  Dollond's  great  loi- 
prorement  in  the  conftruftion  of  tclefcopes.  It  con- 
fife  in  utlng  three  glafles  of  different  refractive  powers, 
crown  and  flint  glafs,  which  correft  each  other.  The 
great  difperfion  of  the  rays  which  the  flint-glafs  pro- 
duces, is  the  ef&iS  of  the  lead,  and  is  in  proportion  to 
the  quantity  of  that  metal,  whicli  is  ufed  in  its  compo- 
fition.  Mr.  Martin  found  the  refraftive  powers  of 
diflerent  glafles  to  be  in  proportion  to  their  fpecific 
gravity. 

Several  difcoveries  and  improvements  liave  been 
made  fince  the  time  of  Newton  in  that  branch  of  optics 
which  relates  more  immediately  to  vifion;  but  thefe, 
being  rather  foreign  to  the  chief  fubjciH:  of  this  chap- 
ter, I  fhall  not  detail.  One  dilcovcry  only  I  fhall  men- 
tion, becaufe  it  not  only  is  curious  in  icfelf)  but  becaiifc 
it  led  to  the  explanation  of  fcvcralcircumflances  relat- 
ing to  vifion.  M.  De  la  Motte,  a  phyfician  of  Dant- 
zick,  was  endeavouring  to  verify  an  experiment  of 
Scheiner,  in  which  a  dillant  objedt  appeared  multiplied 
when  viewed  through  feveral  holes  made  with  the 
point  of  a  pin  in  a  card,  not  further  diftant  from  one 
another  than  the  diameter  of  the  pupil  of  the  eye;  but 
notwiihftanding  all  his  labour,  he  was  unable  to  fuc- 
ceed,  till  a  friend  happening  to  call  upon  him,  he  de- 
fired  him  to  make  the  trial,  and  it  anfwered  perfcdi:- 
ly.  This  friend  was  fhort-fighted ;  and  when  he  ap- 
plied a  concave  glafs  clofc  to  tiie  card,  the  objeA, 

which 
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which  feem-d  miiltiplted  before,  flow  if|ci|tal  bat 
one. 

The  laft,  though  not  kift  fucce&fid  a 
this  branch  of  fcicncc,  is  Mr.  Dclavi^  iriM^  ■ 
read  before  the  Philofophical  Society  of  1 
in  17S4,  has  c.-idcavourcd,  with  grca  il 
plain  the  permanent  colours  of  afMke  bo&fc  '  Tbe  '\ 
majority  of  thofc  philofophcn,  who  bare  titaed  dt\ 
light  and  colours,  havc>  he  obfervn,  rtqipoTod  llai  rii   "■ 
tain  bodies  or  furfaces  reReftcd  onlf  ooe  kind  of -Of^  '* 
and  therefore  exhibited  the  phenomcDa  of  calami  «a' 
the  contrary,  Mr.  Delavali  by  a  varic^  of  wdl  <■■*'_: 
diluted  experimentSt  evinced^  thatcoloun  aiecshifaiE^ 
cd>  not  by  reBcfted,  but  by  tranftnitted  light    Tlut: 
he  proved  bycoveringcoloured.glalles  and  other  not 
parent  coloured  media,  on  the  further  fur&crt  wA 
fome  fubftance  perfectly  opake,  when  he  found  dicf 
Tcflefted  no  colour,  but  appeared  perfeftty  blacA.  He_i 
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lea-wattrj  and  were  confequeody  rcBe^tcd  back  by  the 
under  part  of  the  hand ;  while  the  red  rays,  which 
were  permitted  to  pals  through  the  water,  were  in  the 
.  fame  manner  rcflcded  by  the  upper  part  of  the  hand, 
«^ch  therefore  appeared  of  a  red  rofe  colour.  Thofe 
media,  our  author  thinks>  otmrmit  coloured  light  with 
the  greatell  ftrength  which  have  the  flron^eft  jt&ac- 
^  power. 
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fomc  diamonds,  on  being  rubbed  or  chafed,  are  lumU 
nous  in  the  dark.  2.  That  ap  eleftric  fpark,  not. 
larger,  but  much  brighter,  than  the  flame  of  a  candle, 
may  be  produced,  and  yet  that  no  part  of  the  eleftric 
fluid  is  known  to  efcape,  in  fuch  a  cafe,  to  diilant 
places,  but  the  whole  proceeds  in  the  direftion  to  which 
it  is  deftined  by  the  hand  of  the  operator.  Weaker 
or  ftronger  fparks  of  this  fluid  are  alfo  known  to  difiir 
in  colour  i  the  ftrongefl:  arc  white  and  the  weakeft  red, 
&c. 

To  this  opinion,  however,  there  are  many  prefling 
and,  indeed,  infurmountable  objeftions*  ifl.  The  ve- 
locity of  found  bears  a  very  fmall  proportion  to  that  of 
l^ght.  Light  travels,  in  the  fpace  of  eight  minutes,  a 
diftance  in  which  found  could  not  be  communicated  in 
feventeen  years;  and  even  our  kn(ts  may  convince 
us,  if  we  attend  to  the  explofion  of  gunpowder,  &c. 
of  the  almoft  infinite  velocity  of  the  one  compared 
with  that  of  the  othtir.  2dly,  If  light  depended  alto- 
gether on  the  vibrations  of  a  fluid,  no  folid  reafon  can 
be  afljgned  why  this  fluid  fliould  ceafe  to  vibrate  in 
the  night,  fince  the  fun  mufl:  always  affcft  fome  part 
of  the  circumambient  fluid,  and  produce  a  perpetual 
day.  3dly,  The  artifice  of  candles,  lamps,  &c.  would 
be  wholly  unneceflary  upon  this  hypothefis,  fince,  by 
a  quick  motion  of  the  har.  J,  or  of  a  machine  contrived 
(or  this  purpoie,  light  might  on  all  occafions  be  eafily 
produced.  4thly,  Would  not  a  ray  of  light,  admitted 
through  a  fmall  a;  crrure,  put  in  motion,  according  to 
this  theory,  the  whole  fluid  contained  in  a  chamber  ? 
In  fadl,  we  know  that  li^ht  is  propagated  only  in  right 
lines,  whereas  found,  which  depends  upon  vibration, 
is  propagated  m  every  dircftion.  fthly.  The  repara- 
tion or  extenfioii  of  the  rays,  by  means  of  the  prifm, 
can  never  be  accounted  for  by  the  theory  of  a  vibrat- 
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ing  medium.  6thlyi  The  texture  of  maof  Uffiet  it 
actually  chnn^-d  by  expofurc  to  the  light;  The  jtuce 
of  a  certain  Ihell-tilh  concradsj  it  is  well  hwwii,  i 
very  6iie  purple  colour,  when  permitted  to  imUbe  tin! 
rays  of  the  fun  ;  and  the  ftronger  the  light  is  the  mora 
perfeft  the  colour.  Pieces  of  cloth  wetted  with'thii 
fiuid  become  purple,  even  though  inclofed  in  f^a&t  if 
the  folar  light  only  is  admitted  j  but  the  cBcQt  is  to^ 
tally  excluded  by  the  interreittion  of  die  diinnelt  plates 
of  metal,  whlcii  exclude  the  light.  Some  of  the  pifrs 
parations  of  filver  alfo,  (iich  as  luna  comea>  wiO  re-i 
main  perfe^bly  white,  if  covered  hoth,  the  llg^  but 
contra^b  a  dark  purple  colour  when  expofcd  to  it;  and 
even  the  colour  of  plants  is  derived  from  the  light^. 
fince  a  plant  which  vegetates  in  darktiela  will  be  per- 
fectly white.  As  colour  is  imparted  by-li^t^  fb  it  b  - 
alfo  deftroyed  by  it.  It  muft  have  fallen  within  th<! 
obfcltvation  of  every  reader^  that  filks,  and  other  ftuffs 
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folodon  by  confidering  the  extreme  rarity  of  light,  and 
the  mlnutcnels  of  its  particles. 

It  is,  therefore,  almoft  i:niverially  agreed  by  the 
moderns,  that  light  confiCls  of  a  number  of  extremely 
minule  particles,  which  are  aftually  projeftcd  fiom  the 
himinoui  body,  and  aft  by  their  projectile  force  upon 
our  optic  nerve.    Concerning  the  nature  of  thefe  par- 
ficltj,  or  rather  of  the  matter  of  wliich  ihey  confift, 
there  is  Icfs  unanimity  in  the  philofophical  world. 
It  b  an  opinion  fupported  by  the  moft  refpciflable 
■    names,  that  light  ij  a  fubftance  perfectly  diftinft  from 
tbe  matter  of  fire,  and  which  excites  ignition  when 
o»centrated  by  a  burning  glafs,  merely  by  its  mecha- 
nioj  force  upon  the  matter  of  heat.     Odiers  of  equal 
eminence  have  contended,  that  light  is  no  other  than 
"^^  in  a  projeftile  ftare.    Fire,  according  to  thele  phi- 
lofophers,  is  produced  by  the  accumuiarion  or  con- 
tfntradon  of  the  particks }  light  is  the  cfFeft  of  the 
•^pid  projcftile  morion  of  the  fame  particks.     Fire 
Wlicat  may  therefore  cxifl  to  a  confiderabie  degree, 
*s  it  is  found  ti  do  occafioiially  in  metalJic  bars,  with- 
out being  f^'^iciendy  uiiengaged  to  alTume  the  projec- 
tile (late,  and  to  be  forcibly  emitted  or  proji.5ted  from 
'k  burning  body.     The  fame  mscter  may  alfo  exift 
wits  aftive  and  projectile  date,  or,  in  other  words,  in 
tiie  form  of  light,  but  too  much  dilTufcd  to  produce 
tfic  fenfation  of  burning,  or  to  tffeifl  the  dilfolution  of 
any  body,  or  the  ftp^.racicn  of  its  parts  by  combuftion. 
To  the  great  elafticlty  of  the  matter  of  fire,  fo  obvious 
in  all  the  phenomena  of  P.uidity,  both  thefe  efFeils  are 
afcribcd.    When  a  quantity  of  diis  matter  is  intro- 
duced into  any  folid  body,  the  rcpulfion  which  exifts 
between  its  particles  will  occafion  the  diflblution  of 
that  body;  and  when  it  becomes  perfcftly  free  and  dif- 
cngaged,  the  fame  repulfion  will  caufc  a  quantity  of 
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its  p:irt!clcs  to  be  emitted  with  a  rapid  prcjefiak  fbrce^ 
and  wili  produce  the  eSefts  of  light*.  The  light  c£ 
the  Tun  is  confldcrcd  as  '*  the  fame  matter  propelled 
by  the  fame  powers,  in  greater  qoaimiy  and  widi 
greater  vigour  t-"  The  atmofphere  throi^  which 
light  has  to  pafs  in  proceeding  &om  the  fun  to  us  is  ia 
ull  probability  of  infinitely  greater  purity  than  oun, 
ami  conR'qucntty,  according  K>  the  laws  of  tnoooo, 
the  projectile  force  of  the  rays  of  light  b  very  little 
diminiH-.ed  in  their  pailage  from  the  great  jburcc 'of 
both  light  and  fire. 

The  dieory  which  is  here  advanced  appears  to  reft' 
chiefly  on  the  great  ^  of  the  fun's  rays,  when  con-  . 
centratcd  by  a  burning  glafs,  producing  all  the  pheno- 
mena and  effefts  of  elementary  fire.  There  art,  how- 
ever, other  fefts  which  countenance  the  opinion.  Sir 
Ifaac  Newton  obferves,  that  all  bodies,  when  heated 
beyond  a  certain  degree,  emit  light,  and  fliine.    Li^C 
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li^t  by  the  darker  colours  is  alfo  found  to  hare  an 
atraordinary  effdft  in  the  produftion  of  beat;  but 
rfie  experiments  to  this  effeift  have  been  already  re-' 
hied" 

That  light  (or  more  property  according  to  thi» 
theory,  the  matter  of  6re)  does  not  always  produce 
^al  hear,  is  accounted  for  from    the    rtiinutenefs 
of"  the  particles,  and  the  extreme  rarity  of  the  fluid. 
It  Was  before  ftiited  that  light  muft  be  exceedingly 
Concentrated  to  produce  ignition.     A  plane  mirror  rc- 
fifds  the  light  in  too  diffufed  a  ftate ;  but  a  concave 
mirror  collefts  and  converges  the  particles  to  a  point, 
and  is  dierefbre  capable  of  producing  igni:ion ;  and 
yet  we  have  feen  that  the  light  of  the  moon  will  not, 
in  the  moH  condenfed  flate,  produce  the  leaft  degree 
of  heat,  though  themoft  delicate  thermometers  fhould 
be  employed.     The  light  which  is  emitted  by  piitre- 
fcent  fubftances,  by  the  glow-worm,  and  fome  other 
infefts,  is  analogous  to  the  light  of  the  moon  in  this 
refpedl  i  it  is  of  too  faint  and  rare  a  nature  to  produce 
heat  or  ignition.     In  the  fame  manner,  when  the  rays 
of  light  pafs  through  a  traiifparent  medium,  they  fuc- 
cced  each  other  at  an  immenfe  diftance  ^.     If,  there- 
fore, the  rays  concentrated  by  the  moft  powerful  burn- 
ing glafs  are  made  to  pafs  through  a  phial  containitig 
fpirit  of  wine,  or  through  any  other  tranfparent  in- 
flammable fubftance,  the  latter  will  not  be  fet  on  fire  ; 
but  if  there  is.  any  apakc  body  (as  a  fpoon  or  otlier 
veflcl)  placed  under  the  fpirit  or  the  tranfparenl  body, 
which  by  intercepting  may  ferve  to  accumulate  the 
jjarticles  of  light,  the  fpirit    or  inflammable  matter 
will  be  immediately  inflamed.     Conformably  to  thefe 

•  Se«p.  76.  t  Th?t  of  1,000  miks. 

Vol,  I.  N  F'"- 


ryS  ,       .  VeloHiyrfU^tt.  [Booklll. 

principles  it  ts  fotind,  that  the  ttflno^here  is  noe 
warmed  by  the  mere  paflage  of  the  fun's  nys  iSaspof^ 
it,  but  chiefly  by  the  heat  which  is  doUe^ed  hf  the 
eanh,  and  which  is  thence  imparted  to  the  air.  Thus 
the  air,  at  the  fummits  of  high  mountains,  is  always  ' 
cold>  becaufe  they  are  too  much  elevated  above  the' 
general  furface  of  the  earth  to  derive  any  coniidctsfale 
advanti^e  from  this  circumftance.  ' 

When  thefe  fads  are  'fiurly  tonlidered,  die  fyftem 
which  fuppofes  light  to  be  a  modificarion  of  the  itiatter 
of  fire,  or  a  combination  of  that  element  with  fbme 
unknown  principle,  muft  be  allowed  to  be  atleaft 
probable.  It  has,  however,  been  cuftomaryto  confider 
diftinftly  the  properties  of  light,  without  a  refltfence 
to  its  analogy  with  the  matter  of  firfi  and  in  diii 
mode  it  will  be  ncceffary,  on  the  Jirefeht  occafion,  to 
proceed. 

The  firft  remarkable  property  of  light  ib  its  amaz- 
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Venus  in  1 76 1  and  1769,  the  diameter  of  the  earth's 
orbit  was  found  to  be  about  163,636,800  geographic 
cal  miles.  When,  therefore,  the  earth  happens  to  be 
on  that  fide  of  her  orbit  which  is  oppofitc  to  Jupiter, 
an  eclipfe  of  hk  fatellites,  or  any  other  appearance  in 
Aat  planet,  is  obfervcd  to  take  place  fifteen  or  fixteen 
icconds  later  than  it  would  have  done  if  the  earth  had 
been  on  that  fide  of  her  orbit  which  is  neareft  to  Ju- 
piter *.  From  the  very  accurate  obfervations  of  Dr. 
Bradley,  it  appears  that  the  light  of  the  fun  pafies 
fix>m  diat  luminary  to  the  earth  in  eight  minutes  and 
twelve  ieconds. 

'The  next  property  of  light,  to  which  it  is  proper 
to  advert,  is,  that  it  is  detached  from  every  luminous 
or  vifible  body  in  all  diredions,  and  conftantly  moves 
in  RIGHT  LINES.  It  is  evident  that  the  particles  of 
light  move  continually  in  right  lines,  fince  they  will 
not  pafs  through  a  bended  tube,  and  fince  if  a  beam 
of  light  is  in  part  intercepted  by  any  intervening  body, 
the  fliadow  of  that  body  will  be  bounded  by  right 
lines  pafiing  from  the  luminous  body,  and  meeting 
the  lines  which  terminate  the  interceding  body.  This 
being  granted,  ir  is  obvious,  that  the  rays  of  light  muft 
be  emitted  from^  luminous  bodies  In  every  direftion, 
fince,  whatever  may  be  the  diftance  at  which  a  fpec- 
tator  is  placed  from  any  vifible  objeft,  every  point  of 
the  fiirface  which  is  turned  towards  him  is  vifible  to 
him,  which  could  not  be  upon  any  other  principle. 

The  RARITY  of  light,  and  the  minutenefs  of  irs  par- 
ticles, are  not  lefs  remarkable  than  its  velocity.  If 
indeed  the  Creator  had  not  formed  its  particles  infi- 
nitely fmall,  their  exceflive  velocity  would  be  deftruc- 
tivc  in  the  higheft  degree.     It  was  demonftrated,  that 

•  Sec  Newton's  Optics,  1.  ii.  p.  3.  prop.  xi.     PriefUey's  Op- 
ucs,  p.  140.     NicholCon's  Phil.  vol.  i.  p.  136. 
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light  moves  about  two  million  of  times  as  faft  as  a 
cannon  ball  *.  The  force  with  which  moving  bodies 
ftrike,  is  in  proportion  to  their  mafles  multiplied  by 
jheir  velocities  j  and  confequently  if  the  particles  of 
light  were  equal  in  bulk  to  the  tvvo  millioneth  part 
of  a  grain  of  fand,  we  fliould  be  no  more  able  to  en- 
dure their  impulfe  than  that  of  fand  (hot  point  blank 
from  the  mouth  of  a  cannon  f.  The  minuteriefs  of 
the  rays  of  light  is  alfo  demonftrable  from  the  facility 
with  which  they  penetrate  glafs,  cryftal,  and  other 
folid  bodies,  which  have  their  pores  in  a  reftilincar 
direftion,  and  that  without  the  fmalleft  diminution  of 
their  velocity,  as  well  as  from  the  circumftarice  of 
their  not  being  able  to  remove  the  fmalleft  particle 
of  microfcopic  duft  or  matter  which  they  CiKountcr 
in  their  progrcfs.  A  further  proof  tnight  be  added^ 
that  if  a  candle  is  lighted,  and  there  is  no  obftaclc  to 
obftru(5l  its  rays,  it  will  fill  the  whole  fpace  within  two 
miles  around  it  almoft  inftantaneoufly,  and  before  ft 
Ihas  loft  the  Icaft  fcnfible  part  of  its  fubftancc  J. 

To  the  velocity  with  which  the  particles  of  light 
are  known  to  move  may,  in  a  great  meafure,  be  at- 
tributed the  extreme  rarity  and  tenuity  of  that  fluid. 
It  is  a  well-known  faft,  that  the  efFeft  of  light  upon 
the  eye  is  not  inftantaneous,.but  continues  for  a  con- 
fiJerable  time  §.  Now  we  can  fcarcely  conceive  a 
more  minute  divifion  of  tim.e  than  the  one  hundred 
and  fiftieth  part  of  a  fccond.     If,  therefore,  one  ludd 

♦  A  cannon  ball  flies  with  the  velocity  of  about  a  mile  in  eigh^ 
focoTvls.  Nicholfon's  Phil.  vol.  L  p.  257-  Daring  the  late  fiege 
of  C»ibrahar,  there  were  two  boys,  who  ufed  to  be  flationed  on  the 
works,  and  whofs  quick  fight .  enabled  them  to  give  notice  to  the 
workmen  of  tho  approach  of  a  ball  from  the  enemy's  works. 
■— Dr/W-TfA/trV  Gib, 

t  NichcMbn's  Phil.  vol.  i.  p.  257.  J  Enfield's  Phil.  131, 

§  Nicliolfon'j  PaiI.  v9i.  j.  p.  258. 
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point  of  the  fun's  furfa^e  emits  one  hundred  and  fifiy 
particles  of  light  in  one  fecond,  we  may  conclude  that 
this  will  be  fufficient  to  afford  light  to  the  eye  with- 
out-any  fceming  intermiflion ;  and  yet,- fuch  is  the 
velocity  with  which  light  proceeds,  that  ftili  thefe 
particles  will  be  at  ieaft  one  tboujmd  miles  diftant  from 
each  ^hpr  *.  If  it  was  not  indeed  for  this  extreme 
tenuity  of  the  fluid,  it  yoiild  be  impoffible  that  tlifi 
particles  fliould  pafs,  as  we  know  diey  do,  in  all  di- 
reftions  without  interfering  with  each  oiher.  In  all 
probability  the  fplendour  of  all  vifiblc  objcifts  may  be 
in  proportion  to  the  greater  or  lefs  number  of  parti- 
cles, which  are  emitted  or  reflcifted  from  their  furface 
in  a  given  fpace  of  time ;  and  if  we  even  fuppofe  three 
hundred  particles  emitted  fucccITiviily  from  the  fun's 
furface  in  a  fingle  fecond,  ftill  thefe  particles  will  follow 
each  other  at  the  immenfc  diftance  of  above  five  hun- 
dred miles. 

That  light  is,  however,  no:  deftitute  of  force  or 
jaoMEN'TuM,  has  been  proved  by  the  experiment  of 
Mr.  Mitchel,  already  mentioned  f.  On  that  experi- 
ment the  following  calculation  is  grounded.  If  the 
inftrument  weighed  ten  grains,  and  the  velocity  with 
which  it  moved  was  one  inch  in  a  fecond,  the  quantity 
of  matter  contained  in  the  rays  which  fell  upon  the  in- 
ftrument in  that  time  was  equal  to  the  twelve  hundred 
miliionetl)  part  of  a  grain  ;  the  velocity  of  light  ex- 
ceeding the  velocity  with  which  the  indrument  mpved 
in  that  proportion.  The  light  in  this  experiment  was 
collefted  from  a  furface  of  about  three  fquare  feet, 
which  reflecting  only  halfwh.it  falls  upon  it,  the  quan- 
tity of  matter  contained  in  the  rays  of  the  fun  incitlenf 
upon  a  fquare  foot  and  half  of  furface  is  no  more  than 

•  Pr'icftley's  Optics,  p.  J85,  ■]    S;-p  p,  95, 

N  3  one 


1 8  2  Wafte  af  tight  from  the  StaCi  Body.  [BoDk  III. 
one  tv.-f!ye  hundred  mUlioncth  part,  of  a  g^ilfi.  Bat 
the  denficy  of  the  rayfi  of  light  at  the  fiii^we  of  die 
Jun  is  greater  than  at  the  eiuth  lii  the  propordoh  of 
45,000  to  I.  There  ought  therefore  to  iitue  from 
one  fquarc  foot  of  the  fun's  fiirfiicc  in  one  feoond  - 
-vev-es  part  of  a  grain  of  matter  to  fupplj  tlf  con- 
fumption  of  light;  that  is  at  the  rate  of  a  little  more 
"than  two  grains  a  da/^  or  ^MUt  4>75a,ooo  gmtas,  or 
670  pounds  in  6,000  years,  which  would  have  flibrt- 
ened  the  fun's  diameter  about  ten  feet,  if  it  was  fifrm- 
ed  of  matter  of  the  denlity  of  water  only  •. 

Thus  we  fee  there  are  little  grounds  for  any  rea-  - 
fonable  apprehenfions  concerning  the  body  of  the  fun 
becoming  exhaufl-cd  by  the  confumption  or  wafte  tjf 
the  matter  of  light,  if  the  immenficy  of  his  diantetcr 
(878,808  Englifh  miles)  is  confidered.  -It  is,  how- 
ever, not  impoffible  that  there  are  means  by  whfch  the 
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prc^ef^dj  they  arc  fbundj  by  a  variety  of  experiments, 
to  be  fubjc&  to  the  fame  laws  of  attraction  that 
govern  all-  other  bodies.  On  this  principle  the  ma- 
jority of  philoibphers  have  explained  the  phenoniena 
of  the  Bolognian  ftone^  and  what  are  called  the  folar 
phofphori. 

Thc'difcovery  of  the  Bolognian  phosphorus,  as  re- 
lated by  Mr.  Lemery,  has  already  been  detailed.  The 
property  of  imbibing  and  emitting  light  is  not,  how- 
ever, confined  to  one  fpecies,  but  is  common  to  all 
the  varieties  of  that  mineral,  which  is  called  ponderous 
ipar. 

The  light  which  they  emit  bears  an  analogy  to  that 
ifvhich  they  Jiave  imbibed.  In  general,  the  illuminated 
phofphorus  is  red ;  but  when  a  weak  light  has  been  ' 
admitted  to  it,  or  when  it  has  been  received  through 
pieces  of  white  paper,  the  emitted  light  is  of  a  pale 
white  *. 

It  has  been  already  remarked  f,  that  an  artificial 
phofphorus  may  be  obtained  from  all  fubftances  which 
can  be  reduced  to  a  calx  by  burning  only,  or  by  folu- 
€ion  in  the  nitrous  acid.  Some  diaitionds,  however,  as 
well  as  emeralds  and  other  precious  ftones,  are  found 
to  have  the  fame  property  without  any  chemical  pre- 
paration ;  and  a  diamond  has  been  known  to  retain 
its  virtue  of  emitting  light,  after  being  buried  in  wax 
fix  hours  J.  In  fad,  Beccaria  has  obferved,  that  al- 
moft  all  natural  bodies  have  the  power  of  imbibing 
light,  and  of  emitting  it  in  the  dark.  To  metals  and 
water,  however,  he  could  not  communicate  tfae  flightcft 
degree  of  this  property  5  but  he  found  that  although 
^ater  in  its  fluid  ftate  could  not  be  made  to  fhine 

•  Pricftlcy's  Optics,  p.  363,  364.  \   See  Chap.  i. 

I  Priefflcy's  Optics,  p.  367. 
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in  the  dark,  ice  and  fno*  had  this  property  in  a  re- 
markable degree  *. 

The  hghc  which  is  emitted  from  putrid  fubftan^ 
and  rotten  wood,  alfo  that  of  ignes  ^tui^  and  o^er 
fimilar  meteors,  proceeds  from  a  different  caiile,  and 
will  be  explained  in  another  part  of  this  work,  to' 
which  the  fubje^t  more  properly  appertains. 

To  the  principle  of  attraftion  Newton  has  alfo  re- 
ferred the  mod  extraordinary  phenomena  of  light,  rc- 
fraiflion  and  inflexion.  That  incomparable  philofopher 
has  alfo  ihewn  that  light  is  not  only  fubjcfl:  to  the  law 
of  actraiftion,  but  of  repulfion  alfo,  fince  it  is  repelled 
or  refiefted  from  certain  bodies ;  a  property  which 
was  long  known,  but  was  never  underftood  till  he  gave. 
lis  a  fvftem,  which  jccounts  for  the  general  operations 
of  nature,  upon  fewtr  and  fimpler  principles,  yet  in  a 
manner  much  more  fatiifaiSory  than  any  which  had 
preceded.     But  to  enumerate  and  briefly  explain  thcfe 
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GENERAL  VIEW  OF  THE    PHENOMENA 

OF  REFLEXION. 

Opa^r  Bodies  do  not  re/Ua  the  Whole  of  the  Light  that  falls  en  them. 
"^•^Lay)  of  Reflexion, — Reflexion f rem  plane  Surfaces. — Reflexion  from 
connje'x  Surfaces, — From  concave  Surfaces. — Phenomena  of  Reflextcm 
f^cm  plane  Mirrors  explained. — From  convex  Mirrors.^^From  ccn- 
<"«z;/  Mirror s.-^Prominent  Image  from  a  concaue  Mirror.^^T^ 
^lindricd  Mirror.*^! he  Rectification  of  difiorted  Figures  by  this 
^^rror,»^The  conical  Mirror. 

IT  has  been  already  intimated  that  the  rays  of  light, 
'which  proceed  from  any  luminous  body,  move  al- 
^^ys  in  ftrait  lines,  unlefs  this  direftion  or  motion 
^5  changed  by  certain  circumftances,  and  thcfe  are  re- 
f  ^<^ion,  refra(5lion,  and  inflexion.  Of  the  firft  of  thefe 
^^  ^Wili  be  proper,  ta  treat  in  this  chapter,  becaufe  by 
P'^rfuing  the  fubjeft  in  this  order,  it  will  I  conceive  be 
^^re  eafily  comprehended  by  the  unfcientific  reader. 

-A  common  paftime  of  children  with  a  piece  of  glafs 
^Ppofcd  to  the  fun,  and  cafl:ing  by  means  of  it  a  vivid 
^Pot  of  light  in  various  places  at  will,  proves  that  the 
^^Ys  of  light  may  be  reflefted  by  certain  bodies;  and 
"^^re  accurate  obfcrvarion  will  convince  us,  that  eveiy 
^^dy  that  is  not  luminous  in  itfelf  is  made  vifible  to 
^^r  fenfe  bv  reflefted  light. 

^Ve  are  not  to  fuppofe,  however,  that  every  opake 

^^dy  fbflefts  the  whole  of  the  light  which  falls  upon 

^}^     On  the  contrary,  it  is  only  a  limited  portion  which 

^^    regularly  reflected  according  to  the  known  law  of 

^^flexion ;  another  portion  may  be  confidered  as  ab- 

*^rbt:d  by  the  body,  or  as  rendered  latent  by  feme 

caufc 
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caufe  which  wc  cannct  at  prcfrnt  explain,  ind  the 
quantity  which  is  thus  loA  or  abforbcd  dtfien  aasord* 
ing  CO  the  nature  and  circumfbinccs  of  the  reflecting 
furface. 

The  great  law  of  reflexion,  and  which  ferva  to  ex- 
plain all  its  phrnomena,  i$  this,  fbai  tbeangU  ^re- 
Jlexien  is  always  equal  to  tbeangU  ofincideKce.  It  was 
already  intimated,  that  by  the  angle  of  incideifce  is 
meant  the  angle  made  by  a  ray  of  light  with  a  per-i 
pcndicutar  to  the  reflecting  fur&ce  at  the  point  where 
die  ray  falls ;  and  by  the  angle  of  reflexion,  the  ang^ 
which  the  ray  makes  with  the  fame  perpendicular  on 
the  other  fide  *. 

The  angle  of  reflexion  being  thus  in  all  cafes  equal 
to  the  angle  of  incidence,  it  is  evident  that  the  power 
which  caiifcs  this  reflexion  is  always  the  fame.  No 
furface  however  has  hitherto  been  found,  which  has 
not  fome  inequalities  in  it  to  be  difcovered  by  tljc 
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in  which  it  came  to  the  refle£bing  fur&ce ;  rays  falling 
obliquely  obferve  the  generkl  law  of  reflexion^  and 
their  angle  of  reflexion  is  exactly  equal  to  the  angle 
of  incidence.  In  Plate  V.  (fig,  i.)/^  is  a  ray  of  light 
£dliog  perptodicularly  on  the  plane  fur&ce  a  t,  and  it 
is  refle£ked  back  exaftly  in  the  (ame  direction ;  ^  r  is  a 
ray  falling  obliquely  on  the  fur&ce  at  Cj  and  it  is  re* 
fleeted  in  the  dire6bion  c  J,  making  the  angle  of  re- 
Bexion  cdF  exadly  equal  to  the  angle  of  incidence 
r  ^  Py  as  may  be  fcen  by  the  infpeaion  of  the  figure  *• 

Parallel  rays  falling  obliquely  on  a  plane  refle£bing 
fiir&ce  are  rcflcfted  parallel,  converging  rays  are  re- 
fledfced  with  the  fame  degree  of  convergence,  and  di- 
verging rays  equally  diverging.  In  other  words,  plane 
fur&ces  or- mirrors  make  no  change  in  the  natural  dif* 
pofidon  of  the  rays  of  light. 

A  mirror  is  a  body  the  furface  of  which  is  polifhed 
to  fuch  a  degree  as  to  reflcdt  mod  copioufly  die  rays 
of  light.  In  Place  V.  fig.  i,  a,  3,  are  plane  mirrors: 
in  fig.  2,  the  rays  d  h  and  c  a,  which  are  parallel,  after 
having  reached  the  furface  a  b  are  reflcdtcd,  the  one 
towards  b  and  the  other  towards  ir,  and  in  both  in- 
ftances  the  angle  of  reflexion  is  evidently  equal  to  the 
angle  of  incidence. 

The  rays  d  b  and  ca  (fig.  3.)  are  convergent,  and 
without  the  interpofition  of  the  mirror  would  unite  in 
the  point  E  ;  but  being  reflefted  they  unite  in  the  op- 
pofite  point  F,  the  angle  of  reflexion  with  rcipeft  to 
each  being  ftill  equal  to  the  angle  of  incidence,  as  may 
be  {ttn  by  drawing  perpendiculars  to  the  points  a 
and  i. 

*  The  reader  will  fee  that*  the  angles  d c  h  and  tea,  made 
tilth  the  lines  of  incidence  and  reflexion  and  the  refledtbg  fur- 
face, are  alfo  equal. 

The 
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1'hr  raysi^^  and  f  <i  (6g,  4.)  are  on  tbecootrary 
divergent,  and  after  rcHtrxion  cowards  h  and  k  prcfervf 
cxadly  the  lamt:  dldance  from  each  other>  as. (her 
would  have  had  if  they  had  proceeded  withooC  uittr- 
luprion  towards  F  and  E,  the  angle  Qf  rcBcxibn  being 
witli  refpcift  to  each  ray  ftill  exactly  equal  to  the  an- 
gle of  incidence.  ^ 

Thus  it  is  that  plane  furfaces  reflcft  the  rays  qf  ' 
li^lit  i  but  the  cfFefts  are  materially  different  when  the 
fiirfaccs  arc  ciinvex  or  concave,  thoiigh  the  fame  law 
ftill  obtLiins  with  rcfpeft  to  thefe.  Krom  a  convex 
ftirface  parallel  rays  when  leflefted  are  made  to  di- 
Tcrgc  i  convergent  rays  are  rcflefted  lefs  convergent, 
or  arc  even  made  to  diverge  in  proportion  to  the  cur- 
vature of  the  fiirfdce  cnmpared  with  their  degree  of 
convergence ;  and  divergent  rays  are  rendered  more 
divergent.  Thus  it  is  the  nature  of  convex  furfaces 
10  fcattcr  or  dilfTcrre  the  r.iys  of  light,  and  in  every 
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fcdmg  ilirfacc  is  an  arch  or  fcgmcnr,  can  be  faid  to 
6i/  perpendicularly  upon  ic,  of  which  the  reader  may 
fonvince  himfelf  by  drawing  a  ftrait  line  wirh  a  ruler 
M  any  point  of  a  given  circle  or  curve.  All  the  reft 
of  the  parallel  nrj-s  therefore  falling  on  the  fphcrical 
furfecc  win  fall  obliqncty  upon  it,  and  will  confo- 
<I"ently  be  fubjcft  to  the  general  law  of  reflexion,  and 
^  angle  of  their  reflexion  will  be  equal  to  the  an^ 
"f  tJicir  incidence. 

Perfiaps  the  fubjeft  will  be  rendered  Hill  plainer  il^ 
purfiring  the  idea  thrown  out  in  the  preceding  para- 
graph, that  all  curves  are  formed  of  a  number  of  ftrait 
*ines  infinitely  (horr,  and  inclining  to  each  other  like 
*hc  ftones  in  the  arch  of  a  bridge,  I  prcfcnt  to  the 
ttadcr  the  figures  5,  6,  7,  which  may  be  imagined  fo 
liany  mirrors  bent  or  inclined  in  the  form  whicli  is 
Wgrefented  <n  the  plate.  The  rays  a  b  and  .-  d  (Rg.  5.) 
which  are  parallel,  are  from  their  different  points  of 
incidence  rendered  divergent  in  b  and  e  :  the  angle  of 
reflcftion  with  refpcft  to  each  being  equal  to  the  an- 
gle of  incidence. 

In  figure  6  the  rays  a  b  and  c  d  are  convergent,  and 
would  without  the  interpofition  of  the  rcflefting  Hir- 
face  bd  unite  in  ni ;  but  according  to  the  fame  piiii- 
ciple  they  now  proceed  to  unite  in  /,  which  \~,  more 
diftanC  from  the  reflecting  lurface  than  thepi<BitWi 
and  it  is  evident,  that  if  the  curvature  of  tlif  twn 
branches  of  the  reflecting  fiirface  b  and  d  was  greater 
they  might  be  refleftcd  parallel  or  even  divergcn:,  lu 
the  lame  manner  in  fig.  7,  the  r.iys  a  b  and  c  d  whxh, 
without  the  interpofition  of  the  convex  furface  b  11, 
would  diverge  but  very  little  at  r.i,  become  after  rr- 
ftexion  much  more  divei^ent  at /;  and  the  angles  of 
reflexion  will  be  fiund  in  all  tliefe  cafes  exactly  equil 
to  rh«  anales  of  incideuce,  if  nitafurcd  from  the  re- 

fleitins 
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flefting  furface  produced  or  lengthened,  as  at  /"^ 
and  I  i. 

Let  now  figure  8  reprefent  a  concave  mirror  form* 
cd  upon  the  fame  principles  as  thofe  which  we  have 
been  examining  of  the  convex  kind.  The  rays  a  b, 
c  d,  which  were  parallel  before  reflexion,  and  which 
make  tiielr  angles  of  aSexion  equal  to  their  angles  of 
incidence  (meaiured  for  convenience  in  this  figure  fronj 
the  reflecting  furface  produced)  become  evidendy  con- 
Tergent  at  the  point /;  upon  the  fame  principles  in 
fig-  9>  the  converging  rays  a  b  and  c  d,  which  would 
not  have  uniced  before  cliey  reached  the  point  w,  arc 
now  after  reflexion  united  at  /,  which  is  much  nearer 
the  reflecting  furface.  In  fine,  the  divergent  rays  a  h 
and  cd'\n.  fig.  10,  which  would  have  become  more  di- 
vergent at  w,  had  they  not  been  intercepted  by  the  re- 
fiefting  fuiTace,  become  convergent  after  reflexion, 
and  are  fnund  actually  to  iini'.c  at  0. 


i'<:i  :i 
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bind  the  gUfs  as.the.i^jed  n  before  it.  Tp  undtrr 
ftand  perfeftly^  die  roUon  of  thisi  it  will  be  atcefjEuf 
.  to  advert  to  iJw  fubje&  of  ▼iQon  as  eKplained  fix~ 
merljr  in  a  note.  It  will  be  remcmbere.l,  that  hf  ^ 
^herjcal  form  of  dw-cyci  and  particularly  I^  mean 
of  the  ciyftalUschumouc  which  is  placed  in  the  middla 
of  it,  die  rays  of  light  are  convei^edj  and  thote  from 
the  extreme  points  of  the  objcd  oeofs  cacti  other,  Ib.M  ' 
to  form  an  inverted  image  on  thu  part  of  the  optic 
'icrve  wbidf  ^  called  the  retina.  The  apparent  oia^ 
nitude  of  obje£k  will  confcquently  depend  upon '  diB 
^2e  of  the  ioFcrled  image,  or,  in  ochcr  woidsr  apon 
^  angte  wfaidi  the  rays  of  lig^t  form,  by  enterihg' 
1^  eye.  from  the  extrcmiaes  of  any  objeft. 

As  therefore  the  ai)gle  of  reflexion  is  always  equal' 

bi  the  angle  of  incidence,  it  will  be  evident  on  die   - 

*nIpcftion  of  Plate  VI.  fig.  i,  tha^  the  converging' 

'^ys  K  w,  L »,  proceeding  from  the  extremities  of 

"*c  objeft  K  L,  and  falling  on  Ac  mirror  a  b,  are  re- 

"^cd  to  the  eye  at  c  with  the  fame  degree  of  convcr- 

S^n&i>  and  confequently  will  caufe  the  image  kl  to 

^  feen  under  an  angle  equal  to  that  under  which 

*ne  objeft  itfelf  would  have  been  feen  from  the  point 

'  *ithout  the  interpofition  of  the  mirror.    The  image 

Appears  alfo  at  adilknCe  behind  the  ^mirror  equal  to 

^at  at  which  the  objeft  ftands  before  ir.   For  it  muft 

**c  remwnbcred,  that  objcfts  are  rendered  vifiblc  to 

^"^T  eyes  not  by  a  fingte  ray  proceeding  from  every 

point  of  an  objeft,  but  that  in  faft  pencils  or  aggre- 

^tes  of  divergent  rays  proceed  from  every  point  of 

^  vifible  *bjeftsj  which  rays' are  again  by  the  mccha- 

"ifin  of  the  eye  converged  to  a  point  on  all  thofeparta 

•if  the  retina  where  the  image  is  dcpifted.     The  point 

from  which  therays  diverge  is  called  the  foeifi  sf  di- 

"^tfgtnt  rays,  and  the  point  behind  a  reflefting  forface 

from  which  they  appear  ro  diverge  is  called  die  vir- 

tual 
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In-.'  ftc-hi.     As  tlu-icfore  the  ans^le  of  reflexion  is  ex- 
actly equal  to  thf  angle  of  incidence,  it  is  evident," 
tiiac  the  virtual  focus  wit)  be  at  the  fame  diftance  be- 
lund  tlie  mirror  as  the  real  focua  is'at  before  it.  Thltr_ 
in  Bg.  1,  the  diverging  rayfi  cb  wilt  after  reflexiod 
appear  to  diverge  from  the  point  g  which  is  behind 
the  mirror  a  b,  and  that  point  for  the  reafbrts  afligned 
(viz.  iio'  alteration  being  made  in  the  difpofition  (^~ 
the  rays  but  only  in  tlie  diKdUon)  will  be  at  an  equal 
diftanrc  behind  the  mirror  with'  the  luminous  point  r.^^ 
before  it.  — 

As  every  part  of  the  image  appears  at  a  diftanoe:  ^ 
behind  the  minor  equal  to  chat  at  which  the  ot^efr' 
fUnJs  before  it,  ami  as  the  objed  K  L  (fig.  i.)  is  in^:  - 
dined  or  out  of  the  vertical  poGtion,'the  image  kl  ap- 
pears alfo  inclined.     Hence  it  is  eviideot,  that  to  ez<'  ' 
hibic  objefts  as  they  are  without  any  degree  df  fKf- 
tortion,  looking- glalTes  Ihoujd  be  always  hunig^^  in  * 
vertical  porition>  tliat  iSj  at  right  angles  with  dit  floor 
of  the  apartment. 

It  is  clear,  howcvetj  from  what  has  preceded,  that 
the  cafe  muft  be  very  ditFerent  with  thofc  mirrors,,  the. 
furfaccs  of  which  are  fpherical,  whether  convex  or 
concave.     Of  the  former,  it  has  been  Ibewn  that  their 
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convex  nuiTor  »ki  the  two  rays  C  e  and  D  d,  whicK 
proceed  from  the  eztremidcs  of  the  object,  and  which, 
'withouc  the  interpofition  of  the  mirror,  would  converge 
mt/^  are  refkded  lefs  convergent,  and  unite  at  /,  form- 
log  an  angle  much  more  acute  dun  they  would  other- 
wife  have  done;  The  confequcnce,  there&re,  of  thq 
vifual  angle  being  fo  much  more  acute  .is,  that  the 
image gb'a  proportiouably  fmaUer  than  the  objeA  it- 

'The  fecood  efieft  of  ttus  difperGon  of  the  rays  is^ 
that  the  im^e  appears  at  a  lefs  diflance  behind  the 
glafs  than  it  would  have  done  in  a  plane  mirror.  To 
underlbuid  this  e^£t>  it  is  necellary  again  to  advert 
toaprincipleof  optics,  which  has  been  juft  (bted,  viz. 
that  (^Je£ts  are  rendered  vifible  not  by  :i  Tingle  ray  of 
li^t  proceeding  from  every  point  of  the  objedt,  but  that 
from  every  minute  point  of  the  furfice  of  every  vifi- 
ble objeft  pencils  of  divergent  rays  proceed,  which  arc 
*gain  converged  on  the  retina  of  the  fpeftator's  eye. 

Suppofe  then  G  (6g.  4.)  a  luminous  point  of 
*ny  vifible  objeft,  from  which  a  pencil  of  diver- 
^Cflt  rays  proceed,  and  fall  upon  the  convex  mir- 
*'Or  a  b.  Thefc  rays,  agreeably  to  the  nature  of  thele 
'^Mrrors,  are  rcfiefted  more  divergent,  and  have  their 
*iftitious  point  of  re-union  (or  virtual  focus)  g  much 
'icarer  to  the  eye  and  to  the  furface  of  the  mirror  than 
they  would  otherwifc  have.  The  image,  therefore,  as 
tnay  be  feen  in  the  figure,  inftead  of  being  at  a  dif 
tance  behind  the  mirror  equal  to  the  diftance  at  which 
the  objeft  ftands  before  it  (as  would  be  the  cafe  in  a 
plane  mirror)  will  appear  at  a  fmaller  diftance,  and 
this  diftance  will  always  be  diminiflicd  in  proportion 
to  the  convexity  of  the  mirror. 

For  the  fame  rcafons  an  objefb  of  a  certain  fize, 

placed   either  perpendicularly  or  obliquely  before  3 

Vol.  I.  O  convex 
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convex  mirror,  will  neceflarily  appear  curved  or  bent, 
becaufe  the  different  points  of  the  obje£b  are  not  at 
equal  diftances  from  the  furface  of  the  mirror.  All 
thwefe  efFcfts  will  be  very  apparent  from  infpcdling 
one  of  thofe  fmall  glafs  globes>  lined  with  the  common 
amalgam  for  making  looking-glafles,  which  are  fome- 
times  fufpended  in  old-fa(hioned  apartments.  In  thefe 
the  company  feated  in  the  room,  or  round  the  table, 
are  reprefented  by  very  minute  images,  which  appear 
not  at  a  certain  diftance  behind  as  in  plane  looking- 
glafles,  but  very  near  the  furface  of  the  mirror,  and  al- 
ways in  Ibme  degree  curved  or  diftorted. 

The  effefts  and  phenomena  of  concave  mirrors 
will  obvioufly,  from  what  has  been  faid,  be  the  dircft 
contrary  to  thofe  of  the  convex  kind.  The  ful^ce  of 
concave  mirrors  is  generally  fpherical  (or  in  the  form 
of  a  globe)  though  that  is  not  always  the  mofl:  conve- 
nient form  for  optical  purpofes,  but  it  is  that  which  is 
ledft  difficult  to  the  workmen. 

The  general  efFcft  of  concave  mirrors  is,  we  have 
already  feen,  to  render  the  rays  more  convergent.  The 
point  in  which  the  converged  rays  unite  is  called  the 
focus  of  converging  rays,  but  this  focus  cannot  be  the 
lame  for  all  the  rays  incident  on  a  concave  (lirface. 
The  parallel  rays  a  b,  de  (fig.  5.)  are  converged  by 
the  mirror  at  the  point  F,  which  is  diftant  from  the 
mirror  one-fourth  part  of  the  diameter  of  that  circle, 
of  which  the  mirror  is  a  part  or  fedtion ;  and  this  is 
the  point  which  is  called  xht  focus  of  parallel  rays^zrA  it 
is  the  real  or  principal  focus  of  the  mirror.  The  con- 
verging rays/£,  b  /,  are  reflefted  upon  the  lame  prin- 
ciples more  convergent,  and  unite  at  the  point  K, 
nearer  to  the  furface  of  the  mirror  than  the  principal 
focus.  In  fine,  the  divergent  rays  R«»  and  R  {?,' which 
proceed  from  the  point  R,  beyond  the  principal  focus, 

ynice 
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untc  at  the  point  P.  But  if  the  point  ofdivei^oicc 
Ml  nearer  the  ininor  than  the  principal  focus,  as  for 
ioftuice  at  K,  they  would  itiU  be  reflected  divergent, 
md  would  proceed  one  towards  /  and  the  other  to- 
vtidsi. 

Plane  and  convex  mirrors  exhibit,  as  has  been  al- 
ludy  mentioned^  the  image  behind  the  glafs  or  mirror* 
udin  a  lituation  conformable  to  that  of  the  obje&s 
but  concave  mirrors  produce  this  effect  only  when  the 
objed  is  placed  between  the  principal  focus  and  the 
mirror,  and  then  the  image  is  larger  than  the  obje£L 
Let  A  B  (fig.  6.)  be  the  object  placed  before  the 
nmave  mirror  E  F>  and  nearer  to  the  mirror  than 
i[i  [Hincipal  focus.  The  two  rays  A  e,  B/,  which  pro* 
R«i  from  the  extremities  of  the  objeA,  and  which, 
wthout  the  interpofition  of  the  mirror,  would  converge 
It  di  are  rcflefted  more  converging,  and  unite  at  D  ; 
and  making  an  angle  greater  or  more  obtufe  than  they 
Would  otherwiie  have  done,  the  image  a  ^  is  conle- 
luemly  greater  than  the  objeift. 

Tiiis  image  too  appears  at  a  greater  difbnce  behind 
tke  mirror  than  the  objeft  is  at  before  it.  The  reafon 
of  this  will  appear,  if  we  fuppofe  A  ( I'latc  Vll.  fig.  i.) 
Spoint  of  any  obje£t  placed  nearer  to  the  mirror  than 
4e  principal  focus  F,  whence  a  pencil  of  divergent 
lap  proceeds,  and  falling  on  the  mirror,  are  (accord- 
cording  to  the  principles  before  laid  down)  refiefted 
Itfs  divergent,  and  confequently  have  their  virtual  or 
imaginary  focus  at  a  greater  diftance  than  if  the  objeft 
had  been  placed  before  a  plain  mirror. 

If,  on  the  contrary,  the  objeft  is  placed  farther  from 
the  mirror  than  the  principal  focus,  as  for  inllance  at  e, 
the  rays  eb,ed,  being  only  moderately  divergent,  when 
they  come  in  contaft  with  the  mirror,  are  refleifted  conr 
vergent,  and  will  reprefcnt  at  E  an  image  of  the  ob- 
«.  O  3  jeft. 
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jc6k.     If  the  eye,  therefore,  is  withdrawn  to  a  fuffictcht 
diftance  (to  ^  for  example)  for  the  rays  to  crofs  each 
other,  it  will  perceive  the  image  at  E  between  the 
mirror  and  itfclf.     The  reafon  of  this  depends  upon 
what  has  been  already  dated.     Every  objeft  is  ren-*^ 
^ered  vifible  to  us  by  pencils  of  divergent  rays  fron^ 
every  point  of  that  objeft ;  it  therefore  ceales  to  be  vi^ 
iible  if  thefe  rays  become  parallel  or  convergent ;  and 
this  happens  when  the  objeft  is  not  nearer  to  the 
mirror  than  thie  principal  focus.     To  render,  there- 
fore, an  objeft  thus  fituated  vifible,  it  is  neceflary  that 
the  eye  (hould  recede  fo  far  beyond  the  place  of  the 
image  E,  as  to  allow  the  rays  to  crofs  each  other,  and 
meet  the  eye  in  a  ftate,  of  divergence. 
•    The  image  is  in  this  cafe  always  inverted.     Such  is 
the  image  ^^  of  the  objeft  A  B  (fig.  2.)     From  this 
property  of  the  concave  refleftor  to  form  the  image  of 
an  objeft,  in  thefe  cafes,  before  the  refleftor,  many  de- 
ceptions have  been  produced,  to  the  great  furprizc  of 
the  ignorant  fpeftator.     He  is  made  to  fee  a  bottle 
half  full  of  water  inverted  in  the  air  without  lofing  a 
drop  of  its  contents ;  as  he  advances  into  a  room,  he 
is  tempted  to  exclaim  with  Macbeth,  *'  Is  this  a  dag- 
ger that  I  fee  before  me  !"  and  when  he  attempts  to 
grafp  it,  it  vaniflies  into  the  air. 

A  variety  of  fimilar  appearances  may  be  reprcfent- 
ed>  which  arc  all  produced  by  means  of  a  concave 
mirror,  having  an  objeft  before  it  ftrongly  illuminat- 
ed, care  being  taken  that  only  the  rays  of  light  rc- 
flefted  from  the  objeft  ftiall  fall  upon  the  concave 
refleftor,  placed  in  fiich  a  manner  that  the  image  ihalL 
be  in  the  middle  of  the  adjoining  room ;  or,  if  in  the 
fame  room  with  the  objeft  and  refleftor,  a  fcreen  muft 
be  placed  fo  as  to  prevent  the  fpeftator  from  difco- 
vering  them,  A  hole  is  then  made  in  the  partition 
4  beiweea 
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between  the  two  roomsj  or  in  the  fcreen^  through 
which  the  rays  pafs^  by  which  the  image  is  formecL 
The  fpeftator  then,  when  he  cafts  his  eyes  upon  the 
partition  of  the  fcreen,  will,  in  certain  fuuations^  re- 
ceive the  rays  conning  through  this  fmall  aperture. 
He  will  fee  the  image  formed  in  the  air ;  he  will  have 
no  idea,  if  not  previoufly  acquainted  with  optics,  of 
the  nature  of  the  deception  ;  and  may  either  be  amuf- 
ed^  accordbg  to  the  inclination  of  his  friends,  with 
tempting  fruit,  or  be  terrified  at  the  fight  of  a  ghaltly 
apparition. 

Since  it- is  the  property  of  a  concave  mirror  to  caufe 
thofe  rays  which  proceed  in  a  parallel  diredion  to  it$ 
&rface  to  converge  to  a  focus,  and  fince  the  folar  rays^ 
from  the  immenfe  diftance  of  that  body,  may  be  con* 
fidcred  as  parallel,  concave  mirrors  prove  very  ufeful 
burning-glaffes,  and  the  focus  of  parallel  rays,  or  prin- 
cipal focus,  is  their  focus  or  burning  point« 

Cylindrical  mirrors,  fuch  as  that  reprefented 
fa  figure  3,  are  employed  more  for  the  purpofe  of 
amufement  than  of  philofophy.    They  are  called  mix- 
ed mirrors,  becaufe  they  produce  at  the  fame  inftanc 
the  eflfcfts  of  plain  and  of  convex  mirrors.     Suppofe, 
fcr  inftance,  G  F  (fig.  4.)  to  be  the  height  of  fuch  a 
mirror,  and  A  E  an  objcft  placed  before,  or  rather  be- 
low it ;  all  the  rays,  which  proceed  from  the  points 
A,  B,  C,  D,  E,  falling  on  the  furface  G  F  of  the  mirror, 
and  refledled  to  the  eye  at  O,  will  reprefcnt  the  images 
of  thefe  different  points  at  ^,  ^,  r,  ^,  e^  as  they  would 
be  reprefented  in  a  plane  mirror  i  and  with  refpeft  to 
thefe  the  dimenfions  of  the  objed  will  not  be  altered 
in  the  correfponding  image.     But  fince  the  mirror  is 
alfo  curved,  if  we  fuppofe  the  fpace  y,  tyy  (fig.  5-) 
to  rcprefent  a  part  of  its  circumference,  the  rays  A  y, 
L  r,  M  J,  N  /,  O  A-,  P  2,  F  J,  being  rcflefted  to  the 

O  3  eye 
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eye  at  Z,  wiU  exhibit  all  thcfe  points  A,  L,  M,  N, 
&c.  within  the  fpace  af,  which  will  in  this  dire£lion 
diminilh  confiderably  the  dimcnfions,  of  the  intagc, 
according  to  the  principle?  already  explained  in 
treating  of  the  convex  mirror  *.  The  fame  will 
take  place  with  refpedt  to  all  the  points  of  the  objeft 
which  are  vifible  within  the  lines  B  Q__G,  C  R  H, 
D  T  I J  E  S  K,  concentric  to  the  furfacc  of  the  mirror. 
Thefe  parts  tnuft  therefore  be  very  much  extended  in 
the  drawing  or  defign,  if  a  perfeft  image  is  to  be  re- 
prefented  in  the  mirror.  Diftorted  drawings  of  this 
kind  are  common  in  the  Hiops  of  the  opticians,  which) 
on  a  cylindrical  mirror  being  placed  on  the  board  or 
drawing,  difplay  perfedt  figures.  The  principle  ofthcfc 
will,  however,  be  very  eafily  underftood  from  what  has 
been  now  ftated. 

The    CONICAL    MIRR.OR    IS    feprclented    in   fig.  6, 
and  this  is  alfo  confidered  as  a  mixed  mirror ;  for,  as 
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as  there  do  not  proceed  fitun  each  point.fimpk  rays 
of  light,  but  pendb  of  rays»  they  are  modified  in  tU% 
mirror  upon  the  lame;  principles  as  in  the  copVcx 
mirror,  and  confequently  the  image  will  appear  firaller 
than  the  objeftj  and  nearer  to  die  eye  than  in  the  plane 
minor. 

Hence  it  will  be  evident^  that  we  may  fee  in  the 
center  the  image  of  whatx^ver  is  punted  on  the  ezte* 
rior  circumferoice  A  H  D,  and  the  extremities  of  the 
image  will  be  formed  from  the  interior  circle  C  O  F 1 
and  as  the  cyrvature  or  convexity  of  the  imrror  is 
greater  towards  the  apex  or  point  ofthe  cone,  it  follows, 
that  that  wMch  b  the  moft  extended  in  the  objeft  wiD 
be  the  moft  comprefied  or  concentrated  in  the  image. 
Thus  the  dark  part  of  the  board  (Plate  VIIL  %  i.)r 
is  intended  to  repreient  in  the  mirror  an  ace  of  Ipades  i 
and  the  points  a,  b^  e,  d,  e^f^  g,  &c.  >idiich  are  neareft  to 
the  mirrori  form  the  outer  circumference  of  the  image, 
and  the  points  i,  2, 3, 4,  5, 6, 7, 8  of  th$  external  cir- 
cumference of  the  board  unite  in  the  center  of  the 
image  almoft  at  an  imperceptible  p^int. 
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Chap.     IV. 

GENERAL    VIEW    OF    THE    PHENOMENA!  ' 
OF    REFRACTION. 

ta'uii  afRtfroBim — tiigrtt  »/  RtfraahnyibUb  Light  ftfftrt  frtm 

I'j  ^btntaS  Surfacts—By  mii'vex  Surfa/ti — Bj  taniMvl  Surfatti. 
— 0/Lmfii. — Cn-ofx  LtHfii. — Coaca-jt  Ltit/is. — Hifftrmt  Rifr 
,giiiSfy'/'it  Pmriielt'^ Light. — Sxptraunt  tviih  ibt  Prifit, 


IT  has  been  proved  that  light,  like  every  known 
lubftance,  is  fubjeft  to  the  laws  of  attraiftion;  ic 
fas  been  intimated  too,  that  even  its  propenfity  to 
move  in  a  direft  line  is,  in  certain  cafes,  overcome  bv 
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dcnficy^  that  which  is  of  an  oily  or  inflammable  nature 
will  have  a  greater  refrafting  power  than  the  qcher. 

The  angle  of  refra<ftion  depends  on  the  obliquity  of 
the  rays  failing  on  the  refradtir^  ftirface  being  fuch  al- 
ways that  the  fine  of  the  incident  angle  is  to  the  line 
of  the  refrafted  angle  in  a  given  proportion. 

The  incident  angle  is  the  angle  made  by  a  ray  of 
lights  and  a  line  drawn  perpendicular  to  the  re&ading 
furface  at  the  point  where  the  light  enters  the  furfacc; 
aad  the  refrafted  angle  is  the  angle  made  by  the  ray 
in  the  ^refra&ing  medium  with  the  faipe  perpendicukr 
produced.  The  fine  of  tl>e  angle  is  a  line  which  itrves 
to  meafure  the  angle,  being  drawn  firom  a  point  in 
one  leg  perpendicular  to  the  other. 

In  palling  from  a  rare  into  a  denie  medium,  or  from 
one  denfe  medium  into  a  denfer  medium,  a  ray  of 
^  light  is  refrafted  towards  the  perpendicular,  that  is,  fo 
that  the  angle  of  refraftion  fhall  be  kfs  than  the  angle 
of  incidence;  on  the  contrary,  in  pafTing  from  a 
denfe  medium  into  a  rare  medium,  or  from  one  rare 
medium  into  a  rarer,  a  ray  of  light  is  refraded  from 
the  perpendicular.  Thus,  in  pafling  from  empty  fpacc 
into  air,  or  any  other  medium  whatever,  the  ray  is 
bent  towards  the  perpendicular,  and  in  paffiiig  from 
any  other  medium  into  pure  fpace,  it  is  bent  the  con- 
trary way,  that  is,  from  the  perpendicular  ^  die  fame 
effefts  will  take  place  in  pafling  from  air  into  glafs, 
and  from  glafs  into  air,  &c. 

To  render  this  perfedlly  clear,  let  us  have  recourfe 

to  Plate  VIII.  fig.  2.  If  a  ray  of  light  p  C  pafles  from 

-  aij:  into  water,  in  the  direftion  ^C,  perpendicular  to  the 

plane  D"^,  which  feparates  the  two  mediums,  it  fuffers 

no  rcfi^aftion,  becaufe  one  of  the  effentials  is  wanting 

to  that  efFcft,  viz.  the  obliquity  of  the  incidence. 

But 
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But  if  a  ray  A  C  pafles  obliquely  from  ^  into  wa-  . 
ter,  inftead  of  continuing  its  courfe  in  the  dircA  tine 
CB,  it  takes  the  direftion  C«,  and  approaches  the 
perpendicular  p  P,  in  fuch  a  manner  that  the  angle  of 
refraflion  P  C  ^i  is  lefs  than  its  angle  of  incidence 
/•C  A. 

If  the  ray  came  in  a  more  oblique  direftionj  the  rc- 
fraftion  would  be  ftill  greater;  fo  that  in  all  cafes, 
where  the  mediums  are  the  fame,  the  angle  of  refrac- 
tion will  always  be  tbund  to  bear  a  regular  and  con-  ■ 
ftant  proportiun  to  the  angle  of  incidence;  or,  to  f^ak 
in  technical  language,  the  fine  of  incidence  is  to  the 
fine  of  refraftion  in  a  given  ratio,  and  this  ratio  is  dif- 
covered  by  experience.     Thus,  when  a  ray  paffcs  out 
of  air  into  water,  the  ratio  is  as  4  to  3, 
out  of  water  into  mt,  as  3  to  4. 
air.  into  glafs,  as  3  to  2  *. 
glars  into  air,  as  2  to  3. 
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tra£tion»  fince  ic  is  found  by  univerfal  experience^  that 
the  attraction  of  all  bodies  is  in  proportion  to  their 
denfities. 

In  pafTmg  from  a  denfe  into  a  rare  mediunii  how- 
crer^  there  is  a  certain  degree  of  obliquity  at  which 
the  refra6tion  is  changed  into  refie(^on.  In  other 
words,  .a  ray  of  light  will  not  pafs  out  of  a  denfe  intQ 
a  rare  medium,  if  the  angle  of  incidence  exceeds  a  cer- 
tain limit,  but  will  be  refleded  back.  Thus  a  ray  of 
light  .will  not  pais  out  of  glafs  into  air,  if  the  angle  of 
incidence  exceeds  40"*  1 1,  or  out  of  glafs  into  water^ 
if  the  angle  of  incidence  exceeds  59'  20. 

As  the  rays  of  lights  in  pafllng  from  a  denfe  mediuni 
to  a  rarer,  are  refraded^^m  the  perpendicular,  in  faft 
are  bent  or  inclined  towards  the  eye  of  the  fpedator,  who 
looks  at  an  objeft  in  the  denfer  medium  while  Handing 
at  its  fide,  the  reafon  will  be  clear  why  the  bottom  of  a 
river  appears  to  us  nearer  than  it  really  is  * ;  and  why 
an  oar,  partly  in  and  partly  ou»  of  the  water,  feems 
broken.  Let  Q^  a  (fig.  3.)  reprefent  an  oar,  the  pait 
7»  QJbeing  out  of,  and  the  part  m  a  being  in  the  water, 
the  rays  diverging  from  a  will  appear  to  diverge  from 
^  nearer  to  the  furface  of  the  water,  every  point  in  ma 
will  be  found  nearer  to  the  furface  than  its  real  place, 
and  the  part  m  a  will  appear  to  make  an  angle  with 
the  part  Qw.  On  this  account  alfo,  a  fi(h  in  the  wa- 
ter appears  much  nearer  the  furface  than  ic  adlually  is^ 
and  a  (kilful  markfman,4n  Ihooting  at  it,  will  aim  con- 
liderably  below  the  place  which  it  feems  to  occupy. 

On  the  fame  principle  a  common  experiment  is  ex- 
plained.  Put  a  fhilling  into  a  bafon,  and  walk  back 
from  it  till  the  Ihilling  is  juft  obfcured  by  the  fide  of 

*  If  the  rpedator  ftands  on  a  bank,  juft  about  the  level  of  the 
water,  it  is  about  one-third  deeper  than  ic  appears. 

tte 
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ed,  for  th«  ray  A  C,  (fig.  7.)  on  coming  in  contad 
with  the  furface  of  the  refrafting  medium  E  F,  doa 
noc  continue  its  courfe  in  the  ftrait  line  C  b^  but  being 
refira&ed  at  the  point  of  conu£t  C,  it  approaches  the 
perpendicular  P^  and  comes  out  at  a. 

After  coming  out  of  the  refraAing  medium,  if  we 
fuppofe  the  fur&ce  G  H  parallel  to  E  F,  it  ought  xa 
{voceed  to  B,  having  deviated  from  the  perpendicular 
in  die  fame  degree  in  which  it  approached  it  on  its  firft 
refra£);ion,  and  thus  it  continues  parallel  to  the  line  C  B, 
which  is  that  in  which  it  would  have  proceeded^  if  it 
had  not  been  intercepted  by  the  medium. 

Thb  prallelifm  cannot  fiibfift  if  the  two  furfacei 
K  L,  H  I,  (fig.  8.)  are  inclined,  as  in  the  Bgiirc,  be- 
caufe  die  ray  entering  at  it,  and  emerging  at  h,  the  ob* 
jea  A  will  be  fccn  from  the  point  B  at  e,  which  is  out 
of  its  true  place. . 

Converging  rays  become  lefs  convergent  in  pafilng 
from  a  rare  to  a  denfer  medium,  as  from  air  into  wa- 
ter; and  on  the  contrary,  their  convergence  is  aug- 
mented by  paffing  from  a  denfe  to  a  rarer  medium,  as 
from  water  into  air.  (See  fig.  5.)  In  the  fame  man- 
Tier,  diverging  rays  become  lefs  divergent  in  pafling 
out  of  a  rare  medium  into  one  which  is  denfer,  and 
their  divergence  is  increafed  by  paffing  out  of  a  denfc 
into  a  rarer  medium.  (See  fig.  6.)  This  fai^  is  a 
reccilary  confcquencc  of  the  general  law  of  refraftion ; 
but  it  will  fatiifaiftoriiy  explain  why  an  objeift  under 
water  appears  larger  to  an  eye  above  the  furface  than 
it  really  is[  and  why  all  objeds  appear  magnified  fecn 
through  a  mlft ;  foV  in  all  thefe  cafes,  the  converging 
rays,  by  which  we  fee  the  extreme  points  of  the  objcft, 
and  which  during  their  paflage  through  the  water,  &c. 
were  refradcd  towards  the  perpendicular,  on  their' 
tmergence  into  the'  air  are  made  more  fuddcnly  to 
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converge,  and  confcqucntly  the  vifual  angle  is  rendered 
more  obtufe. 

It  is  evident,  that  when  faraUel  rays  &11  upon  % 
SPHERICAL  SURFACE,  that  ray  only  which  penetrates  to 
the  center  or  axis  will  proceed  in  a  direfl:  courfe,  for 
all  the  reft  muft  neceflkrily  make  an  angle  more  or  left 
obtufe,  in  proportion  to  their  diftance  from  the  cenr 
ter  *  i  they  are  therefore  rendered  convergent  or  di- 
Tcrgent  according  to  the  nature  of  the  medium  on 
*fuch  they  are  incident.  If  they  fall  on  the  convex 
SURFACE  of  a  medium  dmfer  than  that  which  ^y  leave, 
as  in  pairing  from  air  into  glafs,  they  will  converge,  as 
may  be  feen  in  Plate  IX.  fig.  i.  where  that' pheno- 
menon is  reprefented;  for 'the  parallel  rays,  bi,fg» 
(Rg.  6.)  falling  in  an  oblique  direftion  on  the  refract- 
ing medium,  terminated  by  the  convex  furfeceEi'i;, 
they  will  be  refrafted,  and  will  each  refpectively  ap< 
proach  the  perpendiculars  ;  C,  or  g  C,  and  will  confe- 
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If  their  convergence  is  exaftly  proportioned  to  the 
convexity  of  the  furface,  they  will  not  fufFer  any  re^ 
fradion ;  (fee  fig.  a.)  becaufe  in  that  cafe  one  of 
t^cflenti^  i&  wanting  to  refraftion,  viz.  the  obliquity 
of  the  incidence,  and  each  ray  proceeds  in  a  dired  line 
to  the  center  of  that  circle,  of  which  the  convex  fur- 
fecc  is  an  arch  or  fegment.  For  inftance,  the  rays  ef^ 
21x1  dby  (fig.  7.)  which  tend  to  unite  at  C,  the  center 
of  the  convex  furface,  may  be  confidercd  as  perpendi- 
cular, being  the  radii  of  the  circle. 

If  the  rays  have  a  tendency  to  converge  before  they 
re^ch  the  center  of  the  convexity,  they  will  then  be 
rendered  lefs  convergent;  for  inftead'of  con  verging  to 
*  a  point  at  b  (fig.  3.)  they  will  converge  at  B.    The 
reafon  of  this  is  evident,  for  the  ray  ih  (fig.  7.)  which, 
i(  not  intercepted,  would  meet  the  axis  at  k^  nearer  the 
furface  of  the  refrafting  medium  than  the  center  of  con- 
vexity C,  being  refraded  towards  the  perpendicular  or 
radius  ^/C,  meets  the  axis  only  at  0. 

If,  on  the,  contrary,  the  rays  have  a  tendency  to  con- 
verge beyond  the  center  of  the  convexity,  ^hey  will 
then,  by  the  law  of  refraftion,  be  rendered  ftill  more 
convergent,  as  in  fig.  4,  where  their  point  of  union, 
if  not  intercepted,  would  be  r,  but  where,  by  the  influ- 
ence of  the  refraftion,  they  are  found  to  converge  at  C. 
For  the  ray  gh  (fig.  7.)  the  tendency  of  which  is  to- 
wards /,  is  refrafted  towards  the  perpendicular  JC, 
and  joins  the  axis  Tuip. 

If  diverging  rays  fall  on  the  convex  furface  of  a 
denfer  medium,  they  are  always  rendered  lefs  divergent, 
as  in  fig.  5.  i  and  they  may  be  rendered  parallel,  or 
even  convergent,  according  to  the  degree  of  divergence 
compared  with  the  convexity  of  the  refrafting  furface, 
on  the  principles  aireadv  explained. 

If 
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If  rays  pafs  from  a  dtnfs  to  a  rarer  medium,  rfie  lur- 
face  of  the  dcnfc  medium  being  convex*,  in  this  cafe 
fardlel  rays  become  convergent ;  for  the  parallel  rays 
de,  gi  (fig.  8.)  when  they  reach  the  convex  furfacc 
eDi,  inllead  of  continoing  their  diroft  courfe,  are  re- 
£-ada.l  from  the  perpcndicxJars  aCj  ^C>  and  ccmvcrgc 
at  k. 

CosrvtrgiKg  rays  are  alio  rendered  more  convergent- 
Thiis  the  rays  le,  hi,  which,  without  any  shange  in  the 
medium,  would  liave  proceeded  tn  the  dirrfiion  m  and 
»,  in  confequence  of  the  refraiflion  which  they  fuffer, 
and  which  bends  tliem  from  the  perpendiculars  <tC, 
i  C,  unite  at  f. 

Diverging  rays,  if  they  proceed  from  the  point  C, 
the  center  of  convexity,  fuffer  no  refrsftion,  bccaufc, 
for  the  reafons  already  afTigned,  Chcy  may  be  confider- 
cd  as  perpendicular  to  the  refrafting  furface,  anc>con- 
/  they  are  deficient  in  one  of  the  caufes  of  r< 
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towards  the  perpendiculars /C  and^C;  and  are  cott- 
fcquently  divergent. 

Coirverging  rays  falling  on  the  fame  concave  furface 
*iU  be  rendered  lefi  convergent,  as  in  fig.  i.  For 
dieraysd^i  i/f  (6g.  6.)  which  would  have  convci^ed 
«  O,  if  their  progrefs  had  not  been  intercepted,  will 
be  refrafted  towards  the  perpendiculars  /C  and  g  C, 
and  will  unite  only  at  /.  If  the  convergence  was  tcis,  • 
they  niight  by  the  refia£Hon  be  rendered  parallel  or 
even  divergent. 

Diverging  rays  proceeding  from  the  center  of  con* 
cavity  will  not  fuffir  any  refraiftion,  for  the  realbns  al- 
ready afligned. 

If,  however,  diverging  rays  proceed  from  any  point 
nearer  the  refrafting  furface  than  the  center  of  coflcav- 
ity,  they  will  be  rendered  lefs  divcrgen:.,  as  in  fig.  j. 
For  the  two  diverging  rays  ;t^  and  ke  (lig.  7.)  inftead 
of  proceeding  to  d  and  b,  are  refraded  towards  the  per- 
pendiculars/C  and  g  C. 

If,  on  the  contrary,  which  is  the  moft  general  cafe, 
the  diverging  rays  proce;  d  from  a  point  more  diftant 
from  the  furface  than  the  center  of  concavuy,  their  di-  ^ 
vergcnce  will  be  increafed  as  in  fig.  4.  For  the  di-  " 
verging  rays  /^  and /e  (fig- 7-)  which  tend  towards 
m  and  »,  are  refrrifted  towards  the  perpendiculars  /C 
and  g  C;  and  become  more  divergent  than  they  would 
otherwife  have  been. 

When  rays  pafs  from  a  dtrjfi  into  a  rarer  medium, 
and  the  denfc  medium  is  terminated  by  a  concave  fur- 
face, then 

Parallel  rays  become  divergent;  for  the  pamllel  rays 
de,  gi  (fig.  8.)  when  they  reach  the  concave  furface 
eVi,  inftead  of  continuing  their  courfe  in  the  dircft 
lines  towards  /  and  i>,^rocecd  towards  m  and  p,  being 
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refra<5tea  from  the  perpendiculars  Ca,  C^,  and4 
confequently  divergent. 

Converging  rays,  if  their  point  of  convc^nce  ikfl 
cifety  at  C,  the  center  of  the  concavity  elM,  wiT 
"fuffer  any  refraftion,  bccaufe  diey  are  perpendicul 

as  already  explained,  therefore  have  no  obliqtiic)'  of  a 

cidence.  If,  on  the  other  hand,  the  rays  terid  to  a  poif^ ' 
fuch  as  «,  nearer  to  the  furface  than  the  center  of  cbC 
concavity  C,  then  they  are  rendered  roore  converge 
for  the  rays  qe,  r  i,  which  naturally  tend  to  that  pen 
are  refrafted  from  the  perpendicuhrs  Cc,  C  f,  and  Q 
verge  at  0,  nearer  the  concave  furface. 

Laflly,  if  the  converging  rays  tend  to  a  poJnc/,  ' 
is  beyond  ihfe  center  C,  they  are  rendered  Itis  cUnVQ 
gent.     For  the  rays  se,  ti,  which  would 
unite  at  that  point,  arc  refi-afted  from  the.  perpcndic 
iars  Ctf,  Gj',  and  unite  at  k,   which  is  more  diftaa 
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and  are  called  plano-convex,  or  plano-concave;  or 
double  convex  or  double  concave ;  a  lens  which'  has 
one  fide  convex  and  the  other  concave,  is  caUed  a 
iTi«nifcus,  or   concave -convex  lens.      See  Plate  X. 

Ic  is  evident  that  in  lenfes -there  may  be  alnnoft  an 
ir^finite  variety  with  refpe<3:  to  the  degree  of  convexity 
or  concavity,  for  every  convex  furface  is  to  be  conli- 
^^red  as  the  fegme^t  of  a  circle,  the  diameter  and  ra- 
dius of  which  may  vary  to  almoft  an  infinite  extent. 
Hence>  when  opticians  fpeak  of  the  length  of  the  ra- 
^^us  as  applied  to  a  lens,  as  for  inftance,  when  they  fay 
1^  radius  is  3  or  6  inches,  they  mean  that  the  convex 
furface  of  the  glafs  is  the  part  of  a  circle,  the  radius  of 
which,  or  half  the  diameter,  is  3  or  6  inches. 

The  axis  of  a  lens  is  a  ftrait  line  drawn  through  the 

center  of  its  fpherical  furface;  and  as  the  fpheric^l 

fides  of  every  lens  are  arches  of  circles,  the  axis  of  the 

Jens  would  pafs  exaftly  through  the  centers  of  th^t 

circle,  of  which  its  fides  are  arches  or  fegments. 

From  what  has  been  already  fliated  in  the  former 
part  of  this  chapter,  it  is  obvious  that  the  certain  efieft 
of  a  CONVEX  LENS  muft  be  to  render  parallel  rays  con- 
vergent; to  augment  the  convergence  of  converging 
rays;  to  diminifh  in  like  manner  the  divergence  of  di- 
verging rays,  and  in  fome  cafes  to  make  them  parallel 
or  even  convergent,  according  to  the  degree  of  divcr-r- ' 
gence,  compared  with  the  convexity  of  the  lens.     In 
•what  is  called  a  double  convex  lens,  this  efFeft  will  be 
kicreafed  in  a  duplicate  proportion,  fince  both  furfaces 
will  aft  in  the  fame  manner  upon  the  rays ;  and  fince 
it  has  been  proved,  that  parallel  or  convergent  rays 
have  their  convergence  equally  augmented  by  being 
incident  on  the  convex  furface  of  a  dcnl'e,  or  the  con- 
cave furface  of  a  rare  medium.     Thefe  gUfles  then 
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muft  neceflarily  have  the  effeft  of  magnifying  glafies, 
fmce  by  the  convergence  of  the  rays  the  vifual  angle  is 
rendered  more  obtufe,  and  confcqucntly  the  image 
which  is  depicted  on  the  retina  muft  be  proportlonably 
larger. 

The  modeof  finding,  upon  mathematical  principles, 
the  focus  of  parallel  rays  or  principal  focus  in  thefe 
glaffes,  will  be  explained  in  a  fuccecding  chaptep|j  and 
it  may  be  eafily  found,  though  not  with  equal  cxaft- 
nefs,  by  holding  a  theet  of  paper  before  the  glafs  when 
expofed  to  the  rays  of  ihe  fun>  and  obfcrving  the  dis- 
tance of  the  paper  from  the  glafs,  when  the  luminous 
fpot  on  the  paper  is  very  fniall,  and  when  it  begins  to 
burn;  or  when  the  focal  length  does  not  exceed  three 
feet,  the  focus  may  be  found  by  holding  the  lens  at 
fuch  a  diftancc  from  the  wall  oppofite  a  window  falh, 
that  the  image  of  the  fafh  may  appear  diftinft  upon 
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from  the  under  part  of  the  luminous  body,  and  the  un* 
der  rays  are  thofe  which  come  from  its  top.  The  rays 
arc  therefore  only  inverted,  and  the  image  remains  \m- 
inipaircd. 

From  the  fame  property,  convex  lenfes  will  caufe 
naany  rays  to  enter  the  eye  which  would  otberwifc 
have  been  fcattered  or  difperfed,  and  therefore  objeds 
fccn  through  them  appear  dearer  and  more  Iplendid, 
than  when  viewed  by  the  naked  eye.  If,  however,  the 
glafi  is  very  thrcJc,  fomc  of  the  rays  which  enter  it  will 
^  rcfleftcd  or  fcnt  back,  and  confequently  the  bril- 
liancy of  the  image  will  fuffer  fome  diminution. 

A  large  objeft  fcen  through  a  lens  which  is  very 
convex,  will  appear  deformed ;  and  this  proceeds  from 
the  rcfraftion  not  being  equal  at  all  points  in  fuch 
cafes.  The  fame  caufe  operates  alfo  to  render  fome 
P^  of  the  image  indiftinft,  while  others  are  diftinft 
^d  clear^  Thus  the  extremities  of  the  image  ftcn 
^^ough  a  lens  of  a  very  fliort  focus  are  commonly 
confufcd  and  indiftinft,  becaufe  the  refraftion  at  the 
^^ges  of  the  lens  do  not  agree  with  that  of  the  middle 
P^rts.  This  defeft  in  optical  glafles  has  in  fome  mea- 
'^rc  been  remedied  by  the  ingenious  invention  of  Mr. 
Holland,  of  which  we  fhall  have  afterwards  to  treat. 

Theeffefts  of  a  concave  lens  are  direftly  oppofite 
^P  thofe  of  the  convex  lens.  In  other  words,  by  fuch 
f  glafs,  parallel  rays  are  rendered  divergent,  converg- 
^^g  rays  have  their  convergence  diminifhed,  and  di- 
^crging  rays  have  their  divergence  augmented  in  pro- 
portion to  the  concavity  of  the  lens.  Thcfe  glafles 
^hen  exhibit  objefts  fmaller  than  they  really  are,  for  by 
caufing  the  rays  to  diverge,  or  more  properly  by  di- 
niini(hing  the  convergence  of  the  rays  proceeding  from 
the  extreme  points  of  the  objcft,  the  vifual  angle  is 
rendered  more  acute,  and  the  image  painted  on  the 
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retina  is  fmaller  than  it  would  have  been,  had  thefe 
rays  not  been  intercepted  in  their  natural  proofs; 
and  by  the  divergence  of  the  rays  the  pbje*^  is  repre- 
fcnted  with  Icfs  clearncfs  than  it  would  othcrwifc  iiave 
had,  fince  trcri  this  caufe  a  Icfs^  quantity  of  light  in 
faft  enters  the  pupil  of  the  eye.  All  concave  lenles 
have  a  ncgarive  or  virtual  focus,  which  is  a  point  cor- 
refp  nJing  with  the  divergence  of  parallel  rays  inci- 
dent i;n  tlic  furfacc  of  the  lens. 

Lr;^ht  is,  however,  not  fo  fin:iple  a  fubftance  as  it 
may  be  luppofed  upon  fuperScially  confidering  its 
general  efftccs  ;  it  is  indeed  found  to  confift'  of  particles 
which  a.e  DiFKERENTtv  REFRANGIBLE,  that  is,  Ibmc 
of  tlitm  iiiay  be  rcfrafted  more  than  others  in  patTjng 
through  certr.in  mediums,  whence  they  are  fuppofed 
by  philufophcrs  to  be  different  in  fize.  The  common 
optical  inftLunicnt,  called  a  prifm,  is  a  triangular  piece 
coikci 


Chap.  4-1  rfthe  Rays  of  Ugbt.  215 

have  been  juft  introduced  to  the  notice  of  the  reader 
will  be  fiirdier  explained  and  elucidated  >  but  as  the 
application  of  the  general  doctrines  of  refle<5bion  and 
rcfia&ion  to  optical  icience  can  only  be  underftood 
upon  madiemadcal  principles,  I  have  thought  it  pro- 
per to  diftinguifh  thofe  chapters  by  the  fcientific  and 
technical  words,  catoptrics  and  dioptrics.  In  the  mean 
dme,  the  majority  of  readers  will  find  fufiicient  to  &• 
tisfy  their  curiofity,  and  to  afford  them  a  general  view 
of  the  nature  and  efiedls  of  this  wonderful  fluid  in  the 
preceding  obiervations,  and  they  may  therefore  pro- 
ceed immediately  to  the  feventh  chapter,  which  treats 
of  vifion  and  optical  glafles. 
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OF   THE   PRINCIPLES   OF    CATOPTRICS. 


Flacis  B/Imagis  in  plane  R'Jli&mri. — Whj  a  Mirror  ml/Halftht 
S;^  ef  an  OijtH  c:rhii'ifs  a  perftH  Image  of  the  WboU. — Piacti 
cf  Images  made  frcm  RtJUxion  by  fpherital  Surfaces. — MoJc  nf  dt- 
termimng  ihe  Fici  ef  refieaed  Rays  from  fpheriecd  Surfaces—Sisu 
end  Prcporiion!  cf  Images  in  /pheriial  Rejit8irs.—Pbtnomtn»  ef  ' 
tsncai/t  -""^  eenvix  S^ttulums  e.x/4aintd. 


BY  the  application  of  mathematical  principles  to 
the  few  fimpk  fafts  with  which  experiment  fur- 
nifhcs  us,  concerning  the  reflexion  and  refraiflion  of 
light,  the  phenomena  of  vifion  have  been  reduced  to  a 
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upon  %  plain  and  fimple  principlci  which  has  been  al- 
ready explained,  viz.  that  the  asgle  of  reflexion  is  si- 
-ways  equal  to  the  angle  of  incidence.  Thus  let  Q^, 
Place  XI.  (fig.  I.)  be  a  point  from  which  rays  diverg- 
ing &il  on  the  refle£ting  furfacc  A  B,  and  let  Q_D, 
Q_E  be  two  incident  rays.  At  D,  E  draw  the  per-? 
pendiculars  DC,  E  F  to  A  B,  and  make  the  angles 
C  D  G,  H  E  F  equal  to  QT)  C,  QE  K,  and  the  rays 
QJ5,  QJi  will  be  redcftcd  by  the  furfacc  in  the  cU- 
reaions  D  G,  E  H, 

The  point  Qj  from  which  the  rays  diverge,  is 
called  the  focus  of  diverging  rays;  and  as,  after  r& 
flexion,  the  rays  appear  to  have  diverged  from  a  point 
behind  the  furfece,  that  point  is  called  the  focus  of  re- 
fle£t(;d  rays.  To  find  this  point,  produce  the  lirtCs 
G  D,  H  E  till  they  meet  .the  perpendicular  drawn 
from  Q^on  the  rcflcding  furfacc  produced,  if  ncccC- 
fary.  Let  QJVIy  be  this  perpendicular,  which  CD 
meets  in  jj  then,  fir.cc  Ci_b  C  is  equal  to  G  D  C^ 
QJ5  M  is  equal  to  G  D  B,  but  G  D  B  is  equal  to 
M  D  f  i  in  the  two  triangles  Q_^D  M,  M  D  y ,  there 
are  two,  angles  in  the  one  equal  to  two  angles  in  the 
other,  and  one  fide  M  D  coiiimon  to  both,  therefore 
Q^M  is  equal  to  M  q.  The  fame  may  be  proved 
alfo  of  the  intcrfedion  of  the  lines  H  Ey  and  Q^M  j. 
Therefore  the  focus  of  rays  reflected  by  a  plane  fur- 
face  is  at  the  fame  diftance  behind  the  furfacc,  as  the 
focus  of  diverging  rays  is  before  it. 

If,  inllead  of  rays  diverging  from  one  point  they 
diverge  from  ftveral,  the  correfponding  foci  will  be 
found  in  the  fame  manner.  Let  (^R  (fig.  2.)  be  a 
furfdcc,  from  every  point  of  which  draw  perpendicu- 
lars to  the  reflcfting  furfacc  as  before,  and  q  r  will  be 
the  image  of  Q^R,  or  all  the  rays  diverging  from 

QR 
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QJt.  will,  zfter  ;«f.c^tion,  fppear  tO  have  iSvi 
froia  y  r. 

E-rery  objcft  pUccd  before  x  irfififting  ruHaee  ) 
it;  correiixMidirig  image.      If  the  objoit  is  x-  \ 
furfacc,  the  tnuge  will  xlfix  be  x  fimilar  pUne  Air 
,  if  the  obie<ft  is  a  corvtUnear  furtace,  the  nniige « 
cortrfpoDd  ro  it ;  and  In  all  cafes  it  is  found  in  ( 
iranner,  by  pcrpendtculan  dnwn   from    the 
to  the  nrdcifUt^  fuHacci  or  the  rcftcfting  furfint  f 
duccd. 

To  ice  any  objrd,  the  eyr  mnfl  be  fa  placed  d 
Ibnie  of  the  rays  of  %ht  divo^ii^  from  die  objcft  " 
any  faU  upon  the  eye  t  xad  if,  by  looking  upon  a  re- 
fiedir^  furfkce  wc  ler  an  image,  we  Oiould,  if  t 
judgment  had  not  been  concdcd  by  espciJcnce,-* 
ceive  an  objev^  to  be  placed  bchiod  the  furfacc  ii 
which  thcfc  ra?i  diverged.     Now,  as  lo  obje&  l 
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to  A  B  produced.  Then  the  ray  S  B  will  be  reflcft- 
ed  in  the  direftion  B  O.  Now  join  O  q  cutting  A  B 
in  D,  and  join  Q^D.  The  ray  QD  will  be  rcflcftcd 
in  the  direction  D  O,  and  the  part  of  the  objeft  vifible 
by  reflexion  will  be  feen  in  part  of  the  rtflcfting  fur- 
face  only  D  B.  All  the  reft  being  fuperfluons  as  to 
this  objeft.  Thus  we  can  always  find  by  what  rays, 
and  by  what  part  of  a  reflefting  furface,  an  objeft  is 
feen.  The  limits  of  the  fpace  in  which  an  objeft 
muft  be  placed  to  appear  vifible  by  reflexion  are,  on 
thefe  principles,  eafily  determined.  Join  O  B,  O  A, 
and  make  the  angles  I  B  K,  L  A E  equal  to  OBI, 
O  A  L,  then  every  objeft  placed  within  the  lines  B  K, 
A  E  indefinitely  produced,  will  be  vifible  at  O  by  re- 
flexion. 

Thus,  when  wc  are  placed  before  a  looking-glaft 
in  a  room,  part  of  the  room  only  is  vifible ;  as  wc 
walk  backwards  and  forwards  other  parts  appear  and 
difappear  in  fucceflion,  and  fome  parts  of  the  rooai  arc 
never  'cen  in  tne  glafs. 

When  a  perfon  Hands  before  a  looking-glafs  of  the 
fame  dimenfion:  witli  himfelf,  liis  image  appears  to 
occupy  the  half  of  it,  or,  in  other  words,  a  Icoking- 
glafs  of  half  his  dimcnfionb  is  capable  of  fiicwing  him 
the  whole  of  his  figure.  Let  A  B  (fig.  3.)  be  an  ob- 
ject placed  before  the  rcflecling  furface  gbi  of  the 
plane  mirror  C  D  ;  and  let  the  eye  be  at  0.  Let  A  b 
be  a  ray  of  light  flowing  from  the  top  A  of  che  objcdt, 
and  falling  upon  the  mirror  at  b  :  and  h  m  be  a  per- 
pendicular to  the  furfiice  of  the  mirror  at  by  the  ray 
A  h  will  be  refledlcd  from  the  minor  to  the  eye  at  d?, 
n^.aking  an  angle  m  k  0  equal  to  the  angle  A  h  m : 
tlien  v/ill  the  top  of  the  image  E  appear  to  the  eye  in 
the  direftion  of  the  rcfiefted  ray  0  h  produced  to  E, 
where  the  riglit  line  ACE,  from  the  top  of  the  ob- 
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jcft,  cuts  the  right  line  o  i  E,  at  E.  Let  B  /  be  a  ray 
of  light  proceeding  from  the  ftwt  of  the  objcfl  at  B 
to  the  mirror  at  i,  and  n  i  a  perpendicular  to  the  mir- 
ror froin  the  point  i,  where  the  ray  B  /  falls  upon  it : 
this  ray  will  be  refledcd  in  the  line  /  Oj  tiiaking  an 
angle  n  t  o,  equal  to  the  angle  B  t  »,  with  that  perpen- 
dicular, and  entering  the  eye  at  e;  then  will  the  foot 
F  of  tlie  image  appear  in  the  dircftion  of  the  reflefted 
ray  o  i,  produced  to  F,  where  the  right  line  B  F  cues 
the  refleftod  ray  produced  to  F.  AU  the  other  rays 
that  flow  from  the  intermediate  points  of  the  objeft 
A  B,  and  fall  upon  the  mirror  between  b  and  i,  will 
be  refleftcd  to  the  eye  at  o ;  and  all  the  interme- 
diate points  of  the  image  E  F  will  appear  ro  the 
eye  in  the  dircftion  of  thefe  reflefted  rays  produced. 
But  all  the  rays  that  flow  from  the  objeft,  and  fall 
upon  the  mirror  above  b,  will  be  reflefted  back  above 
the  eye  at  o  j  and  all  the  rays  that  flow  from  the  ob- 
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vcral  images  of  the  fame  objeft  appearing  to  be  placed 
in  a  circle,  whofe  center  is  the  vertex  of  the  acute 
angle,  and  radius  the  diflance  of  die  obje<^  from  that 
vertex.  Let  M  N  O  P,  Plate  XII.  (fig.  4.)  two  fur- 
faces  produced,  meet  in  by  and  let  QJbe  an  objeft,  and 
q^  c  its  images  in  the  refpeftive  glaflfes.  Join  bq^ 
b  Q^,  and  the  triangles  Qji  b^  qab,  having  two  fides 
and  an  angle  refpcftively  equal,  the  third  fide  Q/  is 
equal  to  qb.  So  be  is  equal  to  b  Qj  and  ip  the 
fame  manner  the  images  of  ^,  and  c  found  in  the  op« 
pofite  glafles,  will  be  equidiftant  from  b. 

The  places  of  images,  made  by  the  reflexion  of  the 
rays  of  light  from  plane  furfaces,  are  eafily  determin- 
ed :  but  when  rays  are  reflefted  by  curvilinear  fur- 
faces,  the  difficulty  of  determining  the  place  of  the 
image  is  confiderably  increafed.  I  fhall  endeavour  to 
fhew  the  manner  of  inveftigadng  this  fubjeft  in  the 
fimpleft  cafes. 

Let  A  B  (fig.  5O  be  a  fpherical  furface,  of  which  C 
is  the  center,  reflefting  the  rays  of  light  both  on  the 
concave  and  convex  fide ;  and  let  QJE>  a  ray  of  light 
parallel  to  the  radius  C  D,  be  incident  on  the  furface 
at  E.  After  reflexion  on  the  concave  fide,  the  ray 
will  proceed  in  the  direftion  E  q,  making  the  angle 
y  E  C  equal  to  Q^E  C  ;  but  the  ray  QJE  reflefted  by 
the  convex  furface  will  proceed  in  the  direction  E  K, 
making  the  angle  K  E  I  equal  to  the  angle  QJE  I. 
The  greater  the  diflance  of  E,  the  point  of  incidence, 
is  from  D,  tlie  vertex  of  the  furface,  the  farther  will  the 
interfeftion  of  the  reflefted  ray  and  the  radius  C  D  be 
from  the  center  of  the  furface.  Since  QJE  is  parallel 
to  C  D,  the  angle  QE  C  is  equal  to  the  angle  EC  q ; 
therefore  the  angles  yEC,  qCE  are  equal  to  each 
other,  and  confequcndy  y  C  is  equal  to  qE.  If  E  is 
very  near  to  D,  j  D  and  q  E  will  be  very  nearly  equal 
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c:ich  otiier,  and  the  point  q  will  then  be  very  near  to 
X,  tin"  [joinc  bifccting  tlic  ratlius  of  the  furface.  Tlie 
p-irallcl  rays  then  falling  upon  the  concave  furface 
wrv  nL'.'.r  to  D  will  converge,  after  reflexion,  very 
nearly  to  the  ptiint  T,  and  tliat  point  may  be  confi- 
licrrd,  iind  is  confidi-red,  as  the  focus  after  reflexion 
of  tluili;  rays  j  the  nbcrracion  of  every  other  ray,  or  the 
diib'.ncc  q  T  lliall  be  afterwards  confidcred.  The  pa- 
rallel rays  fiiliing  on  the  convex  fide  will  alfo,  after 
reflexion,  appear  to  have  diverged  from  this  point  T, 
viiiioiic  any  very  material  error.  We  may  lay  it 
down,  the;efore,  as  a  principle,  that  rays  falling  upon 
a  r<ncding  fLirface  wilt,  by  the  concave  fide,  be  made 
to  converge  to  a  point  bifeftiiig  a  radius  drawn  pa- 
rallel to  them,  and  by  the  convex  fide  will  be  reflci^led 
fo  as  to  nppcar  to  diverge  from  a  point  blfecting  the 
radius  drawn  p.'.rallel  to  them. 

Let  now  (fi^.  6.)  the  rays  diverging  from  a  cer- 
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diftance  finm  tbctceoter  tif  the  ifoHllee  will  be  a  mean 
pToporribnal  bdvftm  iu  diftaiwesfroni  the  foci  o(di>- , 
Tcrging  and  reflcAed  myi.  ~ 

In  Platie  XIII.  %  7.  the  propoTitiQn  is  in^efame 
-nuDiKr  denuuiibated,  by  fiijiii^  ihac  rayi  gppearii^ 
.to  direige;6bm'»f,  wire  rcOedtcd  by  the  furtkce  in>' 
ttrccpring  mys  cwurergiiig'to  «^  and  vice  verft.-  - 

The  foci  of  divogjng^aad  lefleAed  rays  are  alwajn 
vn  the  fame  Gde  as  the  principal  focus.  The  greater 
die  diftance  ofC^GmmT,  |lK'lc&-i3  the  diftance 
of  ;  from  T  i  as  Q^approaches  to  T>  q  recedes  from 
ic ;  liwy  meet  together  when  rays  are  reflated  by  « 
ccMxravc  fur&ee  in  the  center.  When  the.  ^us  of 
diverging  rays  is  between  the  center  and  the  prind- 
pal  focus,  ^  focus  t^  refleAed  rays  is  on  the  other 
fide  of  the  center.  When  Ci_is  in  T,  the  reBcaed 
rays  are  parallel ;  when  Q^is  between  T  and  the  furiv 
l^ce,  the  rfys  appear  to  diverge  from  a  point  on  the 
other  fide  of  the  lurfacc.  When  rays  are  reflcfted  by 
the  convex  furface,  the  focus  of  the  refleifted  rays  is 
always  between  the  principal  focus  and  thefurface.- 

Plaving  found  the  focus  of  rcBcdted  rays  for  a  Hngle 
point,  we  can,  as  before,  find  the  Htuation  of  the  image 
of  any  objeft,  by  confidcring  the  objcft  as  made  lip 
of  innumerable  foci  of  diverging  rays.  I^et  QJR. 
(fig.  8.)  rcprefent  an  objeft  before  a  fpherical  refleitor, 
then  join  QC  D,  and  in  the  line  QD  find  the  point 
q,  the  focus  of  rays  after  reflexion,  by  the  proportion 
laid  down  in  .the -preceding  inftance.  In  the  &me 
manner  find  the  point  r,  and,  if  neceflary,  find  the. 
correfponding  foci  to  other  points  in  the  objeft  Q^R, 
then  9  r  is  its  image.  This  image  will  be  either  ereft 
or  inverted,  according  to  the  i^ture  of,  the  refleftor, 
and  the  p'ofirien  of  the  objeft.  Firft,  if  the  refieftor 
is  a  fphericdl  concave,  as  in  fig.  8, .and  ^e  dil^nce  of 
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tlic  object  from  the  furface  is  greater  than  half  die  ra- 
dius of  the  rtfleftor,  the  image  wiU  be  invencd,  and 
on  the  fame  fide  of  the  reficftor  with  the  objedt.  If 
tlic  diltunce  of  the  objeft  from  the  refloftor  is  lefs  than 
half  the  radius,  tlie  image  will  be  credt,  but  on  the 
ocher  fide  of  the  refledlor.  This  is  feen  in  fig.  9, 
where  q  r  reprefcnts  an  object  in  the  fituation  above- 
mentioned,  and  Q^R  is  its  image,  idly.  The  image 
of  an  object  before  a  convex  fpherical  refleiflor  is  al- 
ways ercft,  as  may  be  feen  in  tig,  9. 

In  plane  reflectors  images  correfpond,  and  are  fi- 
milar  to  their  jbjects.  It  is  not  (ij  in  Ipherical  re- 
ficftors,  by  which  an  image  is  made  fometimes  greater, 
fbmetimes  fmaller  than  the  objeft.  The  concave  rc- 
ficiftor  has  the  power  of  diminifbing  and  magnifying. 
When  the  diltance  of  the  objeft  from  ihe  refiet^or  is 
greater  than  the  radius,   the  image  is  always  lefs  than 
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part  of  theiTSbfting'fur&ceintercqitcd  between  thde 
lines  is  that  part  nhtdi  lefleds  the  fats  to  <the  iye. 
Let  O  be  the  eye  of  the  lpe£lacor.  Fig.  S,  gi  jcgn  Ol^ 
O  r,  zttd  produce  thtm'>  if  nccel&iy,  till  they  ciit  the 
refleding  fur&ce  in  m  and  %  then  nk  s  ia  the  part  of 
Site  rvfleding (iirfacein whic)i  die  image  is  feen }  and- 
the  rays  -Q^i  R  n,  refleAed  in  the  direftion  n  O,  s  O^ 
are  thofe  by  which  rfie  ewrerfie  parts  of  the  olgcft  Atit 
fech. 

This  would  be  ftriftly  ttlie  in  aHcales^  if  rays  pro- 
teidii^g  from  an  objcA  made  it  always  vifible  and 
ickar  i  btit  we  are  accuAbmed  from  our  infimc^  to  de- 
hxnhine  on  the  nature  and  pofidoti  of  objeAs  by  rays 
klivergihg  from  them.  To  fee,  therefore-,  by  reflefted' 
Vays,  they  muft  appear  to  the  eye  to  divci^  from 
the  image,  whi,ch  will  not  be  the  cafe  when  the  eye 
is  at  a  iefs  diftance  from  a  concave  refi'edtor  than  the 
image.  In  that  cale  our  vifion  is  confiifed,  the  image 
is  behind  us^  and  we  cah  form  no  conception  of  it. 
But  this  will  be  farther  explained  when  I  come  to 
treat  on  the  nature  of  vifion. 

tTpon  the  principles  now  laid  dowoi  wc.  fee  the  rea- 
foii  of  thofe  beautiful  and  deformed  images  made  by.  ■ 
bbjefts  pbiced  before  fpherical  rcfle£tors,  as  alfo  the 
fchanges  produced  in  them  by  their  various  pofitions 
with  refpcft  to  the  refledlor.  When  a  perfon  is  at  a 
greater  diftance  from  a  concave  fpherical  reBcdor  than 
the  radius,  he  perceives  an  image,  for  inftance,  of  him- 
felf,  much  diminilbed,  Handing  upon  its  head  before 
the  reflecting  furface  in  the  air  j  as  he  walks  towards 
the  ccntCfi  the  image  walks  towards  him,  incrcafing  in 
magnitude ;  as  he  walks  from  the  center  to  die  prin- 
cipal focus,  his  image  appears  confufed,  and  he  cannot 
afcercun  any  of  its  parts  j  as  he  walks  from  the  prin- 
tipai  focus  to  the  fur&ce,  the  image  is  again  clearly 
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vifiblc,  creift,  greater  than  himfclf,  but  walking  ro-i 
wards  him,  and  diniinifbing  conftantly,  c'lll  both  obje£l 
and  image  meet  together  in  the  receding  furfcce. 

The  phenomena  of  convex  fpccLilums  arc  diiFerenr, 
and  in  moil  rcfpcfts  oppofite,  to  thofc  of  the  concave 
ipeculuiii.  '  When  a  pcrfon  looka  in  a  convex  fphc-' 
rical  refleftor,  he  fees  an  image  of  himfclf,  ercft,  hue 
diminiflicd.  As  he  walks  towaroa  the  rcflcdor,  the  ( 
image  appears  to  walk  towards  him,  conftantly  in- 
crcafing  in  magnitude,  ttU  they  couch  each  other  iaj 
tile  reflc£ling  furface. 

Frnm  this  property  of  diminifliing  objcfts,  fphericalJ 
refledtors  are  in  great  rcqwft:  with  all  lovers  of  pic--r 
turefque  fcenery.     Small  convcK  refletflors  arc  made; 
in  the  fhops  for  the  iifc  of  travellers,  who,  when  fa- 
tigued by  ftrctching  the  eye  to  alps  towering  on  alpa^J 
can  by  their  mirror  bring  thefe  fublime  objects  Into  a 
narrow  compafs,  and  gratify  the  fight  by  pi<5turcs  whicb 
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Chap.     Vt. 

OF  THE  PRINCIPLES  OF  DIOPTRICS. 

i}iof  tries  relate  to  the  Effe8i'of  RefraSiion.^^In  ivhat  Mminerio  JimS 
the  aSual  Situation  of  an  0bje3  feen  in  a  different  MeJium.^Tbi 
apparent  Situation  of  an  ObjeH  feen  through  a  Glafs  ft^inJonv  dif^ 
ferent  from  the  real  one.-^The  EffeSls  of  tranfparent  Media  'with 
fpberical  Surfaces  on  the  Rays  of  Light  ivhich  are  tranfmitted  through 
ihem,'^-'Rules  for  finding  the  Focus  of  Rays  pajjing  through  fuch  Me* 
-diumsj^^heory  of  Lenfes.'-^PlanO'Cowvex  and  plano-concave  Lenjes, 
•^RulesJo  find  the  Focus  of  a  Lens.^^Focus  of  diverging  Rays  in* 
tercepted  to  a  Ltnt^^^Focus  of  a  Sphere^ 


THE  word  droptrics  is  compolinded  of  two  Greek 
words,  which  mean  to  fee  through ;  and  thia 
branch  of  the  fcience  of  optics  furnifhes  us  with  rules 
iand  principles  to  determine  with  accuracy  the  effefts 
of  tranfparent  mediums  upon  the  rays  of  light,  what- 
ever may  be  the  form  of  the  furface  through  which 
the  light  is  made  to  pafs.  Thus,  in  an  extenfive  (tnk, 
dioptrics  would  include  the  whole  theory  of  optical 
glaffes,  and  even  of  vifion  itfelf.  For  the  convenience 
of  the  ftudent,  however,  I  have  thought  it  bed  to  treat 
fcparately  of  thefe  fubjefts,  and  Ihall  therefore  in  this 
chapter  include  only  the  general  principles. 

As  the  whole  of  dioptrics  is  founded  on  the  laws  of  re- 
fra6Kon,  it  will  be  neceflary  to  recur  to  what  was  advan- 
ced on  that  fubjedt  in  our  fourth  chapter,  and  to  recoUcft 
that  the  angle  of  refraftion  is  in  a  given  ratio  to  the  angle 
of  incidenceT  Let  H  F  for  inftance  be  a  ray  of  light 
incident  on  the  furface  AB,  (Plate  XIV.  Fig,  lo.)  of 
a  denfe  medium  A  B  C  D,  fuppofe  it  to  be  glafs  fur- 
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rounded  by  air.  Draw  E  F  M  perpendicular  to  A  B, 
and  make  G  F  M  furh  an  angle,  that  the  fine  of" 
HFK  fliall  be  to  tlie  fine  of  MFG  as  3  to  a,  and  the 
ray  li  F  will  in  the  glafs  move  In  the  diredjon  G  V. 
Wlich  die  ray  comes  to  G  it  fiiffcrs  another  Change  in 
its  ilii-ei5lion  by  moving  into  air,  and  to  find  this  di- 
reiftioii,  dra-.v  I  G  N  perpendicular  to  C  D,  and  inake 
L  G  N  I'lich  an  angle,  that  the  fine  of  F  G I  ftiall  be 
to  the  fine  of  N  G  L  as  ^  to  3,  then  the  ray  will  move 
in  the  direction  G  L.  Thus  the  whole  ptogrefs  of  the 
ny  is  found  to  be  in  the  direclion  11 FG  L,  and  by  the 
fiiine  rule  its  progrefs  through  any  number  of  mediums 
might  be  found. 

The  tiireclion  G  L  (in  Fig.  10.)  is  parallel  to  the 
direaion  H  F ;  for  the  angles  M  F  G,  F  G  I,  N  G  K , 
are  equal;  and  fince  the  fine  of  MFG  is  to  the  fine 
ofMFl  as  the  fineof  NGKis  to  the  fine  of  N G L, 
the  angles  NGL,  MFI,  are  equal,  and  confequently 
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diverged  from  Q^,  but  from  a  point  near  to  or  farther 
from  him,  according  as  the  medium,  in  which  he  is,  i^ 
denfer  or  rarer  than  the  medium  in  which  the  point 
of  diverging  rays  is  fituated.  Let  QJ  be  an  incident 
ray  proceeding  after  refraftion  in  the  direftion  I  M, 
cutring  QP  a  perpendicular  to  the  furfacc  A  B  in  y, 
y  will  be  the  point  from  which  the  rays  appear  to  di- 
verge. In  the  mangle  QJ q,  QJ  :  Iq  ::  fine  of  lyO 
:  fines  of  I  QJ3;  that  is,  fince  QJ3'  is  parallel  to  I  P 
: :  fine  of  refra<5lion  :  fine  of  incidence.  If  I  is  veiy 
near  to  O,  the  lines  QJ,  q  I,  will  be  rery  nearly  equal 
to  QO  and  q  O,  and  a  perfon  being  placed  in  the  di- 
fedtion  QO  produced  will  conceive  that  the  rays  di- 
verged from  q^  when  QO  :  qO  ::  fine  of  refraftion  ; 
fine  of  incidence. 

Upon  this  principle  we  can  find  the  aftual  fituation 
of  any  objcft  fcen  in  a  medium  different  from  that  in 
which  we  are,  or  feen  through  different  mediums. 
JLec  QR  (Fig.  13,  14.)  be  any  objedV  feen  by  a  per- 
ibn  in  the  medium  A  BCD.  Then  make  QE  :  qE 
and  R  F  :  r  F  ::  fine  of  refradion  to  the  fine  of  inci- 
dence, and  the  objcft  will  appear  to  be  at  qr  nearly, 
if  the  perfon  was  in  the  direftion  QJi  produced.  Let 
O  be  tl^  place  of  the  perfon's  eye  in  any  other  fitua- 
tion, and  join  O  r,  O  </,  then  the  objed  is  (i^cn  by  rays 
rcfrafted  within  the  furface  tn7i,  and  Qj«0,  R«0,  are 
the  diredlions  nearly  of  the  extreme  rays  by  which  the 
objeft  is  vifible. 

As  we  are  accuftomed  to  fee  objefts  frequently 
through  thin  panes  of  gbfs,  it  may,  to  prevent  mifap- 
prehenfions  on  this  fubjeft,  be  necefl!ary  to  fhew  what 
changes  take  place  in  the  apparent  fituation  of  tlicfe 
objects  from  the  intervention  of  fuch  a  medium. 

Let  ABCD  (Fig,  jf.)  be  a  pane  of  glafs,  QJ?.  an 
Qbjeft  kxti  through  it,  whofe  apparent  place,  found  by 
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the  preceding  rules,  is  *r,  and  let  Q^mep  rcprefent 
the  progrcfs  of  one  of  the  rays  diverging  from  Q. 
Then,  from  what  has  been  before  obfcrvcd,  xp  is  pa- 
rallel to  Qm.  Therefore  qm:  mo  \:  Q^q  :  Q*>  that 
is,  when  m  is  very  near  to  E, 

jE:EF  :!Q,j:Cl*J 
or,  jE  :  Q^q  i:  EF  :  Q*. 
But  fuppofing  I  :  R  to  reprefcnt  the  ratio  of  the  finc^ 
of  incidence  and  refradion  of  a  ray  pafTmg'  into  th« 
glafs, 

?E:Q_yi:I:I  — R, 
,-.EF:Q5  ::I  :I  — Rt 
that  is,  the  interval  between  the  furfaces  of  the  pane  is 
to  the  diltance  betweeii  the  real  and  apparent  places 
of  the  objeft  as  the  fine  of  incidence  to  the  difference 
between  the  fines  of  incidence  and  refraftion.  For 
glals  this  ratio  is  nearly  that  of  3  to  2 ;  therefore  1  : 1 
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the  focus  of  djvcrging  rays  falling  on  A  B,  let  x  be  the 
focus  pf  rays  after  rcfraftion  found  by  the  proportion 
before  laid  down,  or  by  joining  H  E,  and  drawing  Qjs 
parallel  to  it»  In  the  fame  manner  the  apparent  place 
of  R  will  be  found,  a:id  a  perfon  at  O  will  fee  the  ob- 
jcft  QJl  apparendy  in  /;c.  The  point  Q^he  fees  by 
the  ray  QJt'  G  O,  and  the  point  R  by  the  ray  R  L 
MO. 

When  the  (iirfaces  arc  fpherical,  a  change  Is  made 
in  the  apparent  places  of  objedts  no  lefs  remarkable 
than  that  which  we  have  obferved  in  objedb  placed 
before  convex  or  concave  mirrors.  To  underftand  the 
realbn  of  thefe  appearances,  it  is  neceflary  to  examinia 
the  progrefs  of  a  ray  in  the  fnnplcft  cafes,  and  thence 
to  proceed  to  the  more  difficult. 

Let  ABFD  (Fig.  17,  i8.)  rcprefent  a  medium 
rarer  or  dcnfcr  than  the  furrounding  medium,  and 
bounded  by  a  fpherical  furfacc  A  E  B,  and  let  die  ray 
G  H  parallel  to  I  K  a  ray  pafling  through  the  center 
of  the  arch  A  E  B  be  refraded  at  H,  to  or  from  the 
perpendicular,  "according  to  the  nature  of  the  medium. 
Th«  fine  of  the  angle  C  HG  is  to  the  fine  of  the  angle 
CH  I  in  a  given  ratio,  but  CI  :  IH  ::  S.  CHI  :  S. 
C  H  G,  therefore  I H  :  I C  in  the  given  ratio  of  the 
fine  of  incidence  to  the  fine  of  refraction  depending  oa 
the  nature  of  the  mediums.  The  nearer  H  is  to  E  the 
nearer  will  the  ratio  of  I  H  to  I C  be  to  that  of  I  E  : 
I  C,  and  confequendy  by  finding  a  point  I  in  the  line 
C  E  produced,  fuch  that  IE  may  be  to  I C  in  the  givea 
ratio  of  the  fine  of  incidence  to  the  fine  of  refraftion, 
all  the  rays  parallel  to  I  E,  which  are  refradted  by  the 
convex  furfaceAEB  (Fig,  17.)  will  after  refraction 
converge  to  I,  or  a  fmall  fpace  very  near  it.  The 
greater  the  diftance  of  H  from  E,  the  greater  will  be 
the  diftance  of  the  interfedion  of  the  refradled  ray  and 

0^4  lino 
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line  I C  from  the  points  I  and  M.  ^Ttiis  pc^Dt  I  U 
called  the  focus  of  refracted  p^nUel  ntyk 

In  the  fame  jnanner  M  is  the  focus  of  raya  comh^ 
out  of  the  denfe  medium,  and.  C  ^1 :  £  M  : :  fine  R  : 
fine  I. 

Parallel  rays  incidetit  on  die  convex  fiir&cc  of  a 
denfer  medium,  or  th&  concave  fur&ce  of  a  rarer  me- 
dium (Fig.  17.)  converge  after  refradion;  and  on  die 
•  coritraryi  if  they  fall  on  the  convex  furface  of  a  rarer, 
or  the  concave  fur£ice  of  a  denfer  medium  (F^.  18.) 
they  diverge  after  rclradion.  The  fbcos  of  parallel 
rays  thus  found  is  called  the  prindpal  fi>cus>  as  for- 
merly explained. 

Let  Q_(Pktc  XVI.  Fig.  19.)  be  the  focus  of  dir 
verging  rays  incident  on  t^  fur&ce  A  B  of  a  denfer 
medium}  to  find  the  focus-after  refraflion  draw  QJ 
an  incident  ray,  and  fuppofe  T  to  be  the  focus  of  rays 
parallel  to  C  Q^  incident  On  the  concave  furftce  A  E  B, 
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muft  neccflaiily  be  IQ^  therefore  IQjs  paraUel  to 
Cp.  Wc  have  hence  two  flmilaf  triingles  QJPC, 
Cpq  aad  QP  :  PC  ::  C^  :pq.  Now  if  I  b  very 
pear  to  E,  QPj  PC,  Cp,pq  will  be  very  nearly  equal 
to  QT,  TC,  C /,  <y,  and  by  making  as  QT  to  TC, 
Jb  C  /  to  /;,  we  Ihall  And  a  point  q  near  to  which  all 
the  rays  diverging  ^m  Q^^  by  re&a£ljon  be  made 
to  converge. 
.  Hence  QT  varies  invcrfely  as  /<?»  that  is,  the 
greater  the  diftancc  of  QJrom  T,  the  lefs  will  be  that 
of  q  from  /,  for  C  T  and  C  (,  remwn  invariable  in  the 
proportion,  howeyer  the  pofition  of  Q^niay  be  'va- 
ried. * 

The  points  Qjuid  q  are  always  on  oppolite  lides  of 
T  and  /.         ' 

If  the  point  Q^waa  at  fuch  a  diftancc,  that  the  rays 
diverging  from  it  might  be  conlidered  as  parallel,  q 
and  *  would  coincide.  As  Qjvas  brought  nearer  to  T, 
J  would  recede,  from  /;  when  Q^and  T  coincide,  little 
q  will  be  no  longer  in  the  line  £  q,  but  the  refrafted 
rays  will  now  be  parallel  As  Ci_moves  from  T  to  E, 
g  appears  at  a  great  diftancc  from  E  on  the  lame  fide 
pf  the  furface  with  Q_and  overtakes  it  at  E. 

Diverging  rays  incident  on  the  convex  fur&cc  pf  a 
denfer  medium,  or  the  concave  furface  of  a  rarer  me- 
dium, are  made  to  converge  or  diverge  according  to 
the  fituation  of  their  foci  with  refpe£t  to  the  principal 
focus.  When  they  are  incident  on  the  convex  fur- 
face of  a  rarer  medium,  or  the  concave  furface  of  a  ' 
denfer  medium,  their  progrefs  may  be  feen  in  Figures 
30,  21. 

The  ray  QJ  diverging  from  Q^will  be  aiFcfted  in 

the  fame  manner  as  if  it  was  fuppolcd  to  convet^  to 

P  thc^prinripal  focus  of  rays  incident  on  the  concave 

furface  i  but  a  rn.y  convcrr:ir.^  to  P,  will  by  refradion 
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of  the  convex  furfacc  be  made  to  proceed  in  a  direc- 
tion' parallel  to  C  P,  therefore  q  I  will  be  parallel  to 
CP.  Again,  a  ray  incident  on  a  concave  furface  con- 
verging to  y,  may  be  confidered  as  converging  to  py 
the  focus  of  parallel  rays  on  the  convex  furface,  and 
therefore  by  refraAion  of  the  concave  furfacc,  it  will 
be  made  to  proceed  in  a  dircftion  parallel  to  €/)•  * 
Hence  as  before  the  triangles  QPC,  qpC  art  fimi^ 
far,  and  the  fame  proportion  is  deduced  QjT  :  T  C  : : 
/C  :  /y. 

Rays  diverging  from  any  point,  and  intercepted  by 
the  convex  furfacc  of  a  rarer  or  concave  furfacc  of  a 
denfcr  medium  will  by  refraftion,  we  have  before  feen, 
be  made  always  to  diverge  more.  Upon  the  fame  prin- 
ciples, and  in  the  fame  manner,  the  effcfts  of  fphcrical 
furfaces  on  converging  rays  is  (hewn,  which  are  ex- 
aftly  oppofite  to  thofc  of  diverging  rays,  and  a  learner 
may  profitably  exercife  himfelf  by  trying  the  efFcA  on 
paper  on  rays  converging  or  diverging,  refraAed  by 
the  convex  or  concave  furface  of  different  mediums. 

Having  dius  difcovered  the  progrefs  of  rays  of  light 
diverging  from  any  point,  and  intercepted  by  a  refraft- 
ing  fpherical  furfacc,  we  (hall  find  no  difficulty  in  ac- 
counting for  the  apparent  places  of  objefts  feen  in  dif- 
ferent mediums  bounded  bv  fpherical  furfaces. 

Let  QM  (Plate  XVII.  Fig.  22,)  be  an  objcft  in  a 
glafs  medium,  and  g  the  focus  of  refrafted  rays  diverg- 
ing from  Q^ ,  »j  the  focus  of  refraftcd  rays  diverging 
from  M,  Then  q  m  will  be  the  image  of  QM.  Let 
O  be  the  place  of  the  fpeftator,  and  join  O  j,  O  w, 
then  r  J  is  the  part  of  the  glafs  through  which  he  fees 
the  objeft,  and  QrO,  M  j^O  are  the  extreme  rays  by 
which  it  is  feen.  Let  a  dcnfe  medium  be  now  bound- 
ed by  a  convex  furface,  Fig.  23.  and  an  objedl  QM 
be  at  fuch  a  dillance  from  it,  that  its  image  (hall  bje 
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of  the  convex  furface  be  niid«  to  proceed'io  a  direc-* 
cion' parallel  CO  CP,  therefore  ;  I  will  be  parallel -to 
C  P-  Again>  a  ray  incideot  on  aconcsve  Hufacc  con- 
verging to  ;,  may  be  confidered  as  conTcrging  to  f, 
the  focus  of  parallel  rays  on  die  convex  fur&ce,  and 
therefore  by  rcfradion  of  the  concave  fur&ce,  it  will 
be  made  to  proceed  in  a  dircftion  parallel  to  Cp, ' 
Hence  as  before  the  triangles  QPC,  qpC  are  fimi- 
hr,  and  the  fame  proportion  is  deduced  QJT  :  T  C  : : 
/C  ;  /y. 

Rays  diverging  from  any  point,  and  intercepted  by 
the  convex  furface  of  a  rarer  or  concave  fur&ce  of  a 
denfer  medium  will  by  refraction,  we  have  before  feen, 
be  made  always  to  diverge  more.  Upon  the  fame  prin- 
ciples, and  in  the  fame  manner,  the  e£:6ts  of  fptitncal 
fur^ces  on  converging  rays  is  Ihewn,  which  are  ex- 
adly  oppofite  to  thofe  of  diverjpng  rays,  and  a  learner 
qiay  profitably  exercil'e  htmlclt  by  trying  the  efleft  on 
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In  the  chapter  which  treated  generally  of  rtfrafliwi, 
the  fubjc£t  of  LiNSEs  was  (lightly  and  fuperficially  con- 
fidercdi  the  theory  of  thele  glaffes  remains  now  to  be 
invcftigatcd,  and  from  their  great  importance  in  tlic 
fciencc  of  optics,  it  will  be  necelBry  to  fpeak  of  them 
foinewhat  in  detail. 

The  (iificrent  forms  of  lenfes  have  been  already 
mentioned;  but  it  is  necellary  to  premife,  that  in  in- 
vcftigating  the  properties  of  a  lens,  we  confider  Us 
thicknefs  as  very  inconfiderable,  and  that  in  every  fpc- 
cies  there  is  a  point,  through  which  if  a  hne  is  drawn 
in  any  direction,  and  interfered  by  the  furfaces  of  the 
lens,  a  ray  rcfrafted  by  one  furface  into  this  line  will» 
aftor  the  fecond  refraftion,  emerge  parallel  to  its  fii^ 
dire(5lion. 

Let  A I  e  B  71  (Plate  XVIL.  Fig.  21, 25.)  reprefent 
a  ccinvex  or  concave  lens,  the  radii  of  whofe  furfaces  are 
e(iua!,  and  draw  C  1,  f  i  from  the  centers  C,  (,  paraU 
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the  firft  refraflion.  This  point  m  is  the  center  of  the 
lens,  and  in  the  two  cafes  before  us  it  bifctfts  the  thick* 
nefs  of  the  lens ;  for  fuice  the  triangles  Clm,  cimart 
limilar,  CI  :  ci  :;  Cm  :  em  and  as  C  I  and  c i  are 
equal  C  m  and  c  m  are  equal,  and  conlequently  nm  and 
mo  are  equal.  If  the  radii  were  liot  equals  the  center 
of  the  lens  is  neareft  to  that  furface  whofe  radius  is  the 
leaft,  and  its  place  may  be  accurately  found  by  the 
prcftding  proportion. 

In  Plate  XVIII.  Fig.  26,  27.  reprefent  two  lenfes, 
-  the  one  wi-h  a  plane  and  a  convex  furface,  the  other 
with  a  plane  and  a  concave  furface.  In  both  cafes  the 
center  of  the  lens  will  be  at  m  in  the  fphcrical  furface, 
for  the  point  may  be  confidercd  as  in  the  tangent  to 
the  circle  at  »i,  which  is  parallel  to  A I B,  therefore  the 
ray  I  (  makes  equal  angles  of  incidence  at  the  points  1 
and  i,  and  confcquently  the  angles  of  refraftion  will  be 
equal.  From  the  proportion  alfo  difcovcred  in  convex 
or  concave  lenres»  the  fame  truth  is  evident;  for  as  we 
increafe  the  radius  of  A  I  B,  the  point  m  (Fig.  24,  25.^ 
approaches  nearer  to  « ;  and  as  this  radius  may  be  in- 
creafcd  wichout  limit,  the  diftance  of  ai»  may  be  de- 
creafcd  without  Hmit,  fo  that  evidently  the  nearer  the 
circle  approaches  to  a  plane  figure,  the  nearer  will  be 
the  approach  of  «t  to  «. 

Plate  XVIli.  Fig.  28.  reprefents  a  lens  with  one 
furface  concave  the  other  convex,  in  which  cafe  the 
point  m  will  be  without  the  lens. 

Having  found  the  center  of  a  lens,  we  are  next  to 
find  its  principal  focus  or  point,  from  which  parallel  rays, 
after  rcfraiTtion,  appear  to  diverge,  or  to  which  they 
converge.  Let  AB  (Plates  XVIII.  XIX.  Fig.  29, 
30*  3'>  2'^>32y  34)  reprefent  a  lens,  whofe  center  is  E, 
and  the  centers  of  the  furfaces  R  and  r,  and  let  y  E  G 
be  drawn  parallel  to  the  incident  rays  ■,  then  as  the  di- 
rections 
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rcflions  before  anJ  after  rcfraiSion  of  a  tz)-  palVipg 
through  the  ctnttr  of  a  lens  are  paraikl,  q  EG  wili  rc- 
prcfrntihc  ctHirf^  of  one  of  the  inc'ideni  rays  without 
fenfiblc  error.  Parallel  to  EG  draw  BR,  and  in  B  R 
produced  finJ  the  fottis  V  of  parallel  rays  incident  on 
the  furfjcc  Bj  t'lcrcforc  by  the  firft  refraflion  x\\e  pa- 
rallel rays  are  rrudc  to  ftrike  the  fecond  furface  A, 
converging  to  the  point  V.  Join  rV.  Then  one  of 
the  rays,  which  after  the  firft  refraftion  moved  within 
the  giafs.  in  liie  dircftion  r  A,  will  pafs  through  the  fe- 
cond furfacc  A,  wichoui  any  rcfradion,  in'  die  direc* 
lion  A\',  fince  r  A  Is  perpendicular  to  the  fecond  fur- 
face.  But  E  G  is  the  courfe  of  another  ray  alfo  after 
the  fecond  rcfra^tiun,  and  G,  thcpninr  of  intcrfcdion 
of  dielc  two  rays,  will  be  the  focus  of  the  lens,  near 
to  which  all  the  other  rays  will  interfcft  each  other. 
For  all  the  rays  incident  on  the  fecond  fnrface,  con- 
verging to  tlie  point  V.  by  what  has  been  proved  of 
rays  refraflcd  by  a  fitigle  fphctical  furface,  will  be 
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other,  or  in  general  it  majr  be  faid  of  all  thefe  Icnfes, 
that  the  parallel  rays  converge  or  diverge  after  refrac- 
tion according  as  the  middle  of  the  glafs  is  thicker  or 
thinner  than  its  extremities. 

Upon  the  fame  principles  alfo  may  be  found  the 
foci  of  lenles,  fuppoijog  them  to  be  compofed  of  fub- 
itances  rarer  inftead  of  denier  thaii  the  furrounding 
medium. 

Having  found  the  principal  foCus  of  a  lens,  we  (hall 
with  the  fame  eafe  find  the  focua  of  rays  diverging 
from  a  point,  and  intercepted  by  a  lens,  as  we  did 
■when  they  were  intercepted  by  a  fingle  furfjce.  Let  Q_ 
(Plate  XIX.  Fig.  35.)  be  the  focus  of  diverging  rays 
incident  on  the  lens  A  B,  and  let  F,  f,  be  the  principal 
foci  of  rays  incident  on  the  furfacea  B  or  A,  in  a  con- 
trary dire<3rion,  and  let  Qj  rcprefent  an  incident  ray, 
^'ith  E  as  a  center,  and  KF  radius,  dcfcribc  the  arc 
'^G  interfering  QJ  in  G,  join  EG,  and  draw  Ay  pa- 
'^/el  to  ,E  G,  then  wiili  E  as  a  center,  and  E/  radius, 
^ffcribe  the  arc  fg  intcrfcding  tq  in  g,  and  join  E  q, 
TAe  ray  QJ  will  b;::  afFefted  in  the  fame  manner,  -whe- 
'^r  it  is  confidered  as  diverging  from  Q_or  Gj  but 
"iCe  rays  parallel  to  EG,  incident  on  the  furface  B, 
'*  by  the  refraftion  of  the  lens  made  to  converge  to 
"»   a  ray  diverging  from  G  will,  after  the  refraftion  of 
_^  lens,  move  parallel  to  EG;  therefore  the  ray  QJ 
**!!  be  made  by  the  lens  to  move  in  the  dire£ticn  Aq. 
^Sain,  if  the  ray  was  turned  bacli,  it  might  be  confi- 
"'^*'ed  as  diverging  from  g,  and  by  the  lens  it  would  be 
"*^e  to  move  in  the  direftion  ;Q^,  parallel  to  Ey. 
"^nce  we  have  two  triangles,  Qjj  E,  E^y,  fimilar 
^  cash  other,  and  QG  :  GE  :;  E^  :  ^j;  that  is,  the 
"^arer  i  is  to  E,  the  nearer  will  this  proportion  be  to 
^ai  of  QF  :  F  E  : :  E/  :  fq,  a  proportion  fimilar  tg 
t^C  which  we  found  before  with  fingle  furfaccs. 
I  The 
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The  points  Q^and  q  -will  be  on  the  oppofirc  fides  of 
their  refpciflivc  foci.  The  greater  Q_F  is,  the  lefs  will 
be  qf,  and  z-ice  verja ;  and  the  apparent  places  of  ob- 
jcfts  viewed  through  thcfe  giafTcs  will  be  found  in  the 
lame  manner  as  with  fingle  furf^ces.  It  will  be  fyffi- 
cient  therefore  only  to  refer  the  reader  to  Plates  X!X, 
XX.  Fig.  36, 37.  which  he  will  cafily  underftand  with- 
out farther  explanation.  ■■ 

The  principal  focu?*  of  a  fphere  is  found  with  the 
^me  facility  as  that  of  a  lens.  Let  M  (Plate  XX. 
Fig.  38.)  be  the  principal  focus  of  rays  incident  on  the 
cotrvex  furface  A  Oj  thf  n  bifcct  M  D  in  I,  and  I  will 
be  the  principal  focus  of  the  fphere.  For  let  the  raj 
G  A  be  refraftrd  by  the  convex  furface  to  B,  and  2C 
B  by  the  concave  furface  to  I,  and  let  IB,  G  A  pro- 
duced meet  each  other  in  K.  Now  fuppofe  that  the 
ray  AB  within  the  iphcre  emerged  at  both  places  A 
and  B.  then  fince  the  angles  of  incidence  CAB.' 
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Chap.    Vlt 

ff 

OF     VISION. 

•  ^je  defctihei  as  an  optical  Infirumtnt^^DiftBs  of  the  Eye.^^Sbort 
^^d  <w€ak  Sigbt.'^Tbe  former  remedied  by  double  concavet  and  the 
^tter  by  double  convex,  GlaJfes.^^Honn  the  Fatuity  ofjeeing  corre3» 
r  is  acquired.'^^ Apparent  Magnitude  depends  on  the  Diftance  ofOb^ 
e^s^Y'^ifi^  Angle. '^ Phenomena  If  Vifion.^^Why  the  diflaeU 
^€erts  of  an  horizontal  Plain,  and  of  the  Sea,  appear  elevated.^^ 
^^hy  a  long  Wall  appears  cur<ved.-^Why  a  high  To*wer  appears 
tilling  to  an  Eye  beneath, ^^Belf  of  Saturn,^^Phenomcna  of  f^ifion  as 
9mnecled  *with  Motion.^Why  the  Moon  appears  fo  mo^e  in/had  of 
ff€  Clouds  ivhich  pafs  over  its  Face.'-^Why  a  Circle  v'^'  od  ob^ 
^^uelj  appears  ovaL'-^How  Gl^Jfes  affift  the  Sight, 

rH  E  ftrufture  of  the  eye  will  be  confidered  in 
another  place  *  -,  it  will  be  fufficicjit  therefore  at 
:fcnt  to  treat  it  as  a  fimple  lens,  which  has  the 
wer  of  refrafting  the  rays  of  light,  incident  upon  it, 

the  retina,  whence  we  derive  all  our  ideas  of  fight, 
i  by  repeated  experience  correft  the  errors  which 

that  organ  alone  might  have  been  produced.  Let 
B  (Plate  XX.  Fig.39.)  reprefent  a  feftion  of  the  eye, 

N  being  the  pupil,  AqpB  the  retina  or  optic  nerve 
panded  over  the  internal  furface  of  the.  eye,  and  let 
^  be  the  image  of  QJP  made  by  the  lens  M  N,  The 
iion  produced  on  the  part  of  the  retina  qp  occafions 

fenfation,  from  which  we  derive  by  the  fight  our 
lowledge  of  external  objefts. 

Now  if  the  lens  M  N  was  fixed,  the  image  of  two 
Djefts  at  different  diftances  from  the  eye  would  not 
U  on  the  retina,  and  therefore  it  is  wifely  provided 

«  Book  IX.  Chap.  41.  Senre  of  Sight. 
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by  our  Creator,  that  wc  tlmuld  Kavc  the  power  of 
adapting  the  fens  to  the  diftance  of  the  objcft,  fu  chit 
Its  image  (hould  be  always  upon  the  retina.  This  is 
the  cafe  with  the  generality  of  mankind ;  but  zlLper- 
fons  have  not  this  power ;  for  the  eyes  of"  fome  ^c  & 
conftruCted,  that  the  rays  of  liglit  tither  converge  too 
ibon  or  too  late  ;  that  is,  the  image  is  made  In  fome 
place  between  the  retina  and  the  pupil,  or  it  would 
be  made  behind  the  retina,  if  the  retina  was  removedf 
hence  thefe  pcrfons  cannot  fee  objefts  diftinSiy,  and 
to  remedy  thcfc  defeats  glafits  are  ufed,  which  in  the 
one  cafe  make  the  rays  diverge,  and  in  the  other  cafe 
make  them  converge.  Thus  for  Ihort-fighted  perfons 
as  they  f  re  called,  double  concave  glaflcs ;  for  long- 
fighted  perfons,  double  convex  glafies  are  ufed.  By 
means  of  the  concave  glalTcs,  the  rays  incident  on  the 
eye  are  made  to  diverge  more  ;  and  confequently  the 
eye,  which  before  made  rhcm  converge  too  foon,  ^iil 
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the  lame  real  magnitude ;  hence  ic  learns  hy  degrees 
to  combine  together  the  angle  under  which  an  objctfb 
is  ieen  and  the  diAanccj  and,  according  co  its  future 
employments  in  life,  thefe  ideas  will  be  combined  to- 
gether with  greacer  or  Icfs  accuracy.  The  judgment 
of  one  pcrfon,  accuflomed  to  di(Vp.nt  objefVs,  will  be 
very  correft,  while  a  pierfon  employed  in  the  nicer 
works  of  art  will  be  continually  deceived  in  looking  at 
the  -fame  diftant  objefls,  and  the  contrary. 

An  objeft  will  afftft  us  differetidy,  I  have  faid,  ac- 
cording to  the  angle  under  which  it  is  (een,  and  its  dif- 
tance.  In  figure  40  let  AB  be  an  object  viewed  di- 
rcftly  by  the  eye  Q_R.  From  each  extremity  dtaw 
the  Jiacs  A  N  and  B  M,  incerfciting  each  other  in  the 
nyftalline  humour  at  I.  Then  draw  the  line  I  K  in 
:he  diredion  in  which  the  eye  is  fuppofed  to  look  at  ■ 
die  objeft.  The  angle  AIB  is  then  the  optical  or  vi- 
fual  angle,  and  the  line  I  K  is  called  the  optical  axis, 
becaufe  it  is  the  axis  of  the  lens  or  cryftalline  humour 
rontinued  to  the  object. 

The  apparent  magnitude  of  objcfls  then,  depending 
:hus  on  the  angle  under  which  they  are  fcen,  will  evi- 
dently vary  according  to  their  dirtances.  Thus  dif- 
ferent obje<fls,  as  A  B,  C  D,  E  F,  the  real  magnitudes 
af  which  are  very  uncqu^il,  may  be  fituated  a:  fuch 
Jiilances  from  the  eye  as  to  have  their  apparent  mag- 
nitudes all  equal;  for  if  tliey  are  fituated  at  iuch  dif- 
rances  that  the  rays  A  N,  B  M,  Ihal!  touch  the  extre- 
mities of  each,  they  will  then  appear  all  under  the  fame 
optical  angle,  and  the  diameter  M  N  of  each  image  on 
die  retina  will  confequeiitly  be  equal. 

In  the  fame  manner  objeJls  of  equal  magnitude, 

Fituated  at  unequal  diftances  will  appear  unequal.  For 

let  A  B  and  G  H,  two  objefts  of  equal  fizc,  be  placed 

before  the  eye  at  different  diftances  I K  and  \  S  i  draw 

R  a  the 
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the  lines  G  P  and  H  O,  croffing  each  other  in  I ;  then 
O  P,  the  image  formed  by  the  objcft  G  H  on  the  re- 
tina, 'is  evidently  of  a  greater  diameter  than  the  image 
M  N",  which  reprefcnts  the  objefl:  A  B ;  in  other  words, 
the  objciS^  G  H  will  appear  as  large  as  an  objedi  of  the 
diameter  TV  fituatcd  at  the  fame  place  as  the  objedt 
AB. 

Hence  it  follows,  that  objcds  Jitiiatedat  different 
diftances,  whole  apparent  magnitudes  are  equal,  arc  to 
each  other  as  their  diftances  from  the  eye ;  and  by  the 
fame  nilc,  equal  objects  fituaten  direftly  before  the 
eye,  have  their  apparent  magnitudes  in  a  reciprocal 
proportion  to  their  diftances. 

This  laft  propofition  muft,  however,  be  received  with 
fome  allowance  ;  for  it  is  only  applicable  to  very  dif- 
lant  objefts,  and  to  thofe  where  the  fenfe  is  not  cor- 
refted  by  the  judgment.  For  if  the  objefts  are  near, 
We  do  not  judge  of  their  magnitude  according  to  the 
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why,  if  we  fiand  on  the  fea-fhore>  thofe  parts  of  the 
ocean  which  are  at  a  great  diitance  appear  elevated  i 
for  the  globular  form  of  the  earth  is  not  perceptible  to 
the  eye,  and  if  it  was,  the  apparent  elevation  of  the  fea 
is  far  greater  than  the  arch  which  a  fegment  of  the 
globe  would  form  within  any  diftance  that  our  eyes  are 
capable  of  reaching. 

For  the  fame  reafon,  if  a  number  of  objeib  are 
placed  on  the  fame  plain  and  at  the  fame  height  below 
the  eye,  the  more  diftant  will  appear  taller  than  the 
others ;  and  if  the  fame  obje6b  are  placed  on  a  fimilar 
plain  above  the  eye,  the  more  diftant  will  appear  the 
loweft. 

The  diftant  parts  of  a  long  wall,  for  the  fame  rca- 
fon,  appear  to  a  perfon  who  ftands  near  one  end  to' 
curve  or  incline  towards  himJ  In  the  fame  manner  the 
high  wall  of  a  lofty  tower,  feems  to  a  fpeftator  placed 
direflly  under  it  to  bend  over  him,  and  threaten  him 
with  inftant  deftruftion.  If  any  perfon  inclined  fo 
make  the  experiment,  will  lie  down  on  his  back  in  a 
fituation  of  this  defcription,  at  the  diftance  of  five 
or  fix  fecft  from  the  wall  of  which  he  contemplates 
the  tremendous  height,  he  will  immediately  be  made 
ftnfiblc  of  the  phenomenon. 

If  the  diftance  between  two  objefts  forms  an  inlen- 
fible  angle,  the  obje6ts,  though  in  reality  at  ibme  dif- 
tance from  each  other,  will  appear  contiguous.  This 
is  afiigned  by  fome  aftronomers,  as -the  reafon  why  chc 
ring  or  belt  of  Saturn  appears  as  one  mafs  of  light, 
while  they  contend  that  it  is  formed  from  a  number  ot 
little  ftars  or  fatellites  ranged  within  a  certain  diftance 
of  each  other. 

If  the  eye  is  carried  along,  as  in  a  boat,  without  be- 
ing fcnfible  of  its  own  motion,  the  objeds  which  arc 
ftationary  on  each  fide,  will  appear  to  move  in  a  con- 
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we  muft:  take  into  confidcration  the  diftance  of  die  <^ 
jeft,  and  the  diHance  of  difl:in6t;  vtfion,  from  which  it 
will  be  cafy  to  Bnd  a  lens  of  fuch  a  focal  length  as  will 
make  the  objeift  appear  at  the  diftance  required  •, 

By  want  of  attention  in  the  choice  of  gUfles,  a  de- 
feft  in  fight  may  be  confiderably  increafed,  for  the  eye 
may  be  ftraincd  to  an  accommodation  with  the  glafs. 
Short-lighted  perfons,  as  they  advance  in  years,  arc 
often  found  to  improve  in  fight;  long-fighted  perfons. 
on  the  contrary,  find  their  fight  impaired  by  age.  For 
the  convtxit)-  in  the  pupil  of  both  diminifties  with 
years  | ;  in  one  cafe  it  was  too  great,  and  confequently 
the  diminution  was  beneficial  j  in  the  other  cafe  it  was 
already  too  fmall,  and  the  diminution  moft  be  confe- 
quently prejudicial. 

•    For  in  Plate  XXI.  Fig.  41,  41,  tSie  irUnglct  Qj/V  j,  E^y, 

c  fimilar  i  thercloic. 
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is  an  angle  ^  L/  of  a  determinate  magnitude*,  which  . 
varies  indeed  in  the  eyes  of  different  pcrfons,  but  is 
fuch  that  any  objeft  making  a  lefs  angle  in  the  pupil 
does  not  produce  a  fenfation  on  ihe  rerina  of  fuch  a 
nature  that  a  perfon  can  have  a  determinate  idea  of 
the  objedt.  This  angle  is  in  general  about  half  a  mi- 
i3«te  of  a  degree;  and  each  perfon  may  difcc/er  the 
ftrength  of  his  fight  by  takihg  an  objeft  of  a  determi* 
nate  length,  and  removing  it  to  fuch  a  diftance  that 
it  (hall  juft  ceafe  to  be  vifible,  or  appear  only  as  a 
point. 

When  objefts  are  beyond  that  diftance,  they  confe- 

quently  are  inviCble  to  us ;  aqd  if  by  any  art  wc  can 

make  them  appear  as  if  they  were  within  this  diftance, 

they  will  then  appear  to  us  as  other  objcfls  fcen  under 

the  fame  angle,  am!  at  the  lame  diftance.  The  fimpieft 

contrivance,  where  the  objeft  is  either  too  minute  or 

too  diftant,  is  to  inrerpofe  betwtren  the  eye  anJ  the  ob- 

jc6l  a  glafs  or  lens,  which  by  Ics  magnif/in,-^  power, 

or,  in  ftill  clearer  cerms,  ics  pov/er  of  convergiii^  the 

rays  of  light,  fliall  enlarge,  or  render  more  obtufe  the 

wangle  under  which  it  is  prefenceci  to  the  naked  eye, 

;and  which  muft  of  courfc  proportionably  enlai^e  the 

image  depicted  on  the  retina,     'I  o  find  by  what  fort 

t>{  glals  or  lens  an  objeft  is  to  be  fcen  at  any  diftance, 

*  If  the  dillancc  of  any  obje»5l  from  the  eye  is  fufEcieii*I>  great 
for  the  rays  to  fall  nenriy  parallel  on  the  pupil,  the  fame  oljctt  is 
fcen  more  enlarged  and  ciiitir/t  the  nearer  it  ..»  biought  to  ihc  eye, 
becaufc  tlic  image  of  any  ohjcft  ou  the  retina  will  be-  great!:r  or 
lefs  in  proportion  to  its  apparent  magnitude:  when  the  object  ii 
too  near  the  eye  it  comirucs  to  be  enlarged,  bat  is  coniufcd.  The 
Icaft  dillancc  is  about  ii^  inches. 

The  eye  is  capable  of  dltfin^uiniing  obje'^Is  that  fabtend  an 
angle  of  h.ilf  a  minurc  of  a  degtoc,  ivi  wliic.^  cafe  the  imnge  oa  the 
retica  is  lefs  in  brcadih  than  the  yy'c^  part  of  an  inch,  and  the 
objedl,  fuppofing  it  fix  inches  diftant,  about  the -j-j'^^  part  of  an 
inch  broad.     And  all  fmallcr  objcdls  arc  inviubic  to  iLc  ajuiCQ  eye. 

R  4  ^wc 
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Chap.     VIII. 

OF    TELESCOPES    AND    OTHER    OPTICAt, 

INSTRUMENTS. 

Frii.-l/'fc!  01  T.-tirf'  ih'ff  UUramemli  art  (onjlraSid. — l)ift3u — Trte- 


LE  T  Q^P  {rhze  XXI.  fig.  43.)  irprefcnt  a  very 
diftant  objeifl,  and  Ice  the  rays  coming  from  it, 
before  t!iey  fall  upon  rhc  eye,  be  intercepted  by  two 
convex  iciifes,  placed  at  a  diftance  from  each  ot'icr 
equal  to  the  fiim  of  the  focal  lengths.  The  lens  A.  B 
is  called  the  obiei5t-g!^.rs,  from  its  being  oppofed  to  the 
object ;  C  D  the  eye-glafs,  from  its  being  nearcft  to 
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as  q  P  p  to  q^p,  that  is,  as  j  E  to  y  F,  or  as  the  focal 
length  of  the  eye  glafs  to  the  focal  length  of  the  objeft- 
glafs  *. 

By  this  fimple  cdmbination  of  glafles  anobjea  ap- 
pears inverted ;  but  this  is  of  no  confequcnce  to  aftro- 

•  '  When  tho  dillaoce  of  the  objsA  ii  very  conCderable,  the 
cSt:^s  may  all  be  referred  to  die  fame  diftancc,  and  a  telefcope 
may  be  f^d  to  enlarge  an  objcft  juft  as  many  times  as  the  angle 
under  which  it  reprefents  it  is  greater  than  that  under  which  it  ap- 
pear* to  the  naked  eye.  Thus  the  moon  appears  to  the  naked  eye 
under  ao  angte  of  about  half  a  degree ;  confequently  a  telcfcope 
jnagnihcg  loo  times,  if  it  rcprelentj  the  moon  under  an  angle  of 
50  degrees  i  if  it  magnified  200  times,  it  would  exhibit  the  moon 
under  an  angle  of  100  dsgrees;  and  the  moon  would  appear  to 
fjccnpy  more  than  half  the  vifibk  heavens,  of  which  the  whole  ex- 
tent ii  bnly  180  degrees. 

■  It  is  a  common  e\preflion,  that  teleftopes  bring objefls  nearer; 
but  this  expreflion  is  equivocal,  admiiting  of  two  difierent  figniG- 
caiions.  The  one  is,  that,  looking  through  a  telcfcope,  we  elti- 
mate  an  objed  to  be  as  much  nearer  to  us  as  it  is  magnified  by 
the  telefcope.  But  I  have  already  fhewn,  that  we  can  form  no 
certain  edimate  of  the  dil'ancc  of  an  objcd  but  by  the  judgment, 
and  that  our  judgment  deceives  us  when  the  objefts  arc  beyand  ». 
certain  diHance ;  and  in  the  prefenc  inftance,  lofing  all  thofc  fub- 
jeds  of  comparifon  on  which  it  is  founded,  will  deceive  us  more. 
The  other  meaning  applied  to  the  expteflion  is,  that  the  telefcope 
reprefents  the  objeiis  a,  large  a*  they  would  appear  if  we  were  fo 
much  nearer  to  them  :  tliis  latter  meaning  is  more  conformable  to 
the  truth  than  the  preceding,  for  the  nearer  we  approach  to  an 
objefl  the  larger  is  ihc  vifual  angle.  When  you  look,  however, 
at  a  well-known  object,  at  a  man,  at  a  great  diHance,  and  he  is 
feen  under  a  larger  angle,  we  are  led  10  think  him  fo  much  nearer, 
when  he  would  really  appear  under  a  greater  angle;  but  with 
refpefl  to  objefls  lefs  known,  as  the  fun  and  mboii,  there  can  be 
no  eftimation  of  difiance, 

'  One  principal  end  of  tclefcopes  is  to  enlarge  or  multiply  the 
arglc  under  which  objcdls  appear  to  the  naked  eye,  and  they 
are  eftimated  according  10  this  efli;iS,  and  are  faid  to  magnify 
jive,  ten,  or  any  other  number  of  times,  according  to  the  nature 
^d  conAtuftioQ  of  the  tsleico^c'^JJamj't  lti3.  vol.  ii.  p-  483. 
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nomers,  and  for  objcfts  .on  land  leveral  contrivuMXi 
arc  ufcd  to  reftify  this  appearance. 

The  quantity  of  the  objeft  vifible  depends  upon  the 
magnitude  of  the  cyc-glafs.  Let  Ap  rcprefent  an  ex- 
treme ray  refradcd  by  the  objcft-gl^s  ;  if  the  eye-glafs 
is  of  fuch  a  magnitude  as  to  intercept  it,  the  whole 
of  the  ob)c<5t  will  be  fetn  i  if  the  eye-glafs  is  too  fmall 
for  this  purpoff,  join  D  Aj  C  B,  the  extremities  of 
die  Icnfes,  and  the  part  of  the  image  cut  off"  by  thefe 
lines  will  Ihevv  the  proportional  part  of  the  object 
which  is  invifible. 

Since  the  focal  lengths  of  two  ienfes  are  fufceptibic 
of  any  proportion  whatever,  it  might  fcem  that  no- 
thing more  was  necefiary  than  to  ake  two  lenfcs  of 
determinate  focal  lengths  to  make  us  intimately  ac- 
quainted with  the  moft  diftant  of  the  heavenly  bodies; 
but  after  a  certain  length  the  difficulty  of  managing 
tlicfe  glaflrs  becomes  infurmountable ;  and  for  diftant 
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parallel  to  the  lines  drawn  from  each  point  through 
the  center  of  the  lens.  Thus  the  firft  image  of  QJP 
(6g.  444)  is  qp,  the  fecond  K  I.  The  apparent  mag- 
nitude of  the  objed  is  not  changed  by  thefe  glaflfes, 
and  depends^  as  before^  on  the  focal  lengths  of  the  ob- 
jcft-glafs  and  lens  neareft  to  it.  The  brilliancy  of  the 
objcft,  however,  will  be  diminilhed,  fince  feveral  rays 
will  be  lofl:  in  their  paflage  through  the  two  additional 
glaflcs. 

An  inftrument  made  with  glades  combined  together 
in  this  manner,  and  inferred  in  a  tube,  is  called  a 
rcfrafting  telcfcope ;  the  latter  word  implying,  ac- 
cording to  its  figniBcation  in  the  Greek  language,  the 
property  of  feeing  objedts  at  a  diftance.  In  placing 
the  glaiTes  in  this  tube,  care  mud  be  taken  that  the 
axes  of  the  lenfes  coincide,  or,  as  it  is  evident  from 
our  principles,  indiftinft  vifion  only  will  be  pro- 
duced. 

Inflead  of  the  two  additional  glaiTes,  Galileo  chang- 
ed the  convex  eye-glafs  into  a  concave  one,  by  which, 
as  to  the  magnifying  power,  the  fame  effeft  was  pro- 
duced. Thus  (fig.  45.)  qp  being  the  image  of  QJP, 
by  placing  a  double  concave  lens  between  this  image 
and  the  objeft-glafs,  the  rays  converging  to  p  ap- 
pear to  diverge  from  R,  and  I  R,  the  image  feen 
by  the  eye  at  Q^,  is  made  ereft.  In  this  cafe,  the 
nearer  the  eye  is  placed  to  the  glafs,  and  the  greater 
the  pupil,  the  more  the  obje6b  will  be  feen. 

A  microfcope,  or  an  inftrument  formed  to  infpeft 
minute  objedls,  is  conftrufted  exaftly  on  the  fame 
principles.  A  globe  of  glafs,  or  double  convex  Icns^ 
will,  frotrt  what  has  been  faid,  anfwer  the  purpofe; 
or,  a  minute  objcft,  feen  through  two  convex  lenfes, 
will  be  magnified  in  the  proportion  of  the  focal  length 
6  o£ 
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?54  Titf  Micro/cope. 

of  [he  obicut'gl^ifs  co  clue  of  tlic  ej'e-glafs 

call's,  in  whatever  manner  we  combine  oui 


■  Mierofcopcs  are  conftruflcd  ia  two  diiFereni  modes.    TV 
one  is,  By  the  interpofition  of  a  convex  lens  between   the  objt- 
and  thif  eye,  to  render  it  dlltinft  at  a  k'fb  dillance  than  fix  ir.che 
by  which  means  its   app:ircnt  magnitude  iiicreafes   as   the  diUant 
ji  diminilhcd;  and  the  other  is,  by  .placing   ihc  ubjeA  fo  with  rt 
(^cA  10  n  ccijvc.x  lens,  that  its  focal   image  may  be  much  greatt 
tlian  itfL-lf.  and  contcmplaiing  that  image  inflead  of  the  obje£ 
The   firll   are  called   fimplc  or   fingle  mierofcopcs,  and  the  latti 
compound  or  double.      The  former  i^  conliruflcd  in  this  mannei 
fuppole  a  Imalt  oiijeft  fiiuatcd  very  near  the  eye,  fo  that  the  ang 
of  i:s  apparent  inngnltudc   miy  be   large;  then  its  image  on  ill 
rutin.!  will  a!fo  be  large  ;  but  becaufe  the  pencils  of  rays 
divL-rgcnt  10  be  coUcfled   into  their  foci  on  the  retina,  it  will  ^M 
very   coufulcd   and  indillinft.      Then   let  a  convex  lens  be  inte»=i 
poffd,  fa  th.it  the  diftance  between  it  and  the  objeft  may  be  eqit^ 
to  the  roi::d  k-ngth  at  uhich  parallel  rays  would  unite,  and  the  ra     - 

ivhich  diverge  from  the  objefi,  and  pafs  through  [he  lens,  will  a 

terft'ards  proceed,  and  confequertly  enter  the  eye,  parallel ;  th^^ 
will  therefore  unite,  and  form  a  dillincl  image  on  the  retina,  ai — = 
the  alijca  Mill  be  clearly  feen,  though   if  removed  to  the  diHan^ 
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difcovcr  the  magnifying  power,  it  is  neccfiary  only  to 
compaire  together  the  angles  under  which  the  objeft  is 
feen  through  the  eye-glafs,  and  that  under  which  it 
would  bare  been  feen  by  the  naked  eye. 

Inftead  of  lenfcs  onlv,  for  reafons  hereafter  to  be 
mentioned,  a  combination  has  been  formed  of  refleft- 
ing  furfeces  and  lenfcs,  and  from  the  names  of  the 
ifiventors,  thofe  of  the  greateft  ufe  are  now  called  the  . 
Newtonian,  Gregorian  *,  and  Herfchelian  tclefcopes. 
The  reflefting  telefcope  on  the  Gregorian  principle, 
which  is  the  moft  common,  as  it  is  found  to  be  the  moft 
convenient,  is  conftruded  in  the  following  manner. 

At  the  bottom  of  the  great  tube  (  Plate  X  XII.  fig.  46.) 
T  T  T  T  is  placed  a  large  concave  mirror  D  U  V  F, 
who(e  principal  focus  is  at  m^  and  in  the  middle  of 
this  mirror  is  a  round  hole  P,  oppotite  to  which  is 
placed  the  fmall  mirror  L,  concave  toward  die  great 
one,  and  (o  fixed  to  a  ftrong  wire  M,  that  it  may  be 
removed  furdier  fi-om  the  great  mirror,  or  nearer  to 
it,  by  means  of  a  long  fcrew  in  the  infide  of  the  tube, 
keeping  its  axis  ftill  in  the  fame  line  V  mn  with  that  of 
the  great  one.  Now,  fince  in  viewing  a  very  remote 
object,  we  can  fcarcely  fee  a  point  of  it,  but  what  is, 
at  leaft,  as  broad  as  the  great  mirror,  we  may  con- 
fider  the' rays  of  each  pencil,  which  flow  from  every 
point  of  the  objeft,  to  be  parallel  to  each  other,  and 
to  cover  the  whole  reflefting  furface  D  U  V  F.  But 
to  avoid  coofiufion  in  the  figure,  we  fhall  only  draw 

•  The  diffcrerxe  between  the  Newtonian  and. Gregorian  te!e- 
rco[>e  is,  that  in  the  former  the  fpedlator  looks  in  at  the  fide 
through  an  aperture  upon  a  plane  mirror,  by  which  the  rays  re- 
fleded  from  the  concave  mirror  are  reflcded  to  the  eye  glafs, 
whereas  in  the  latter,  the  reader  will  fee  that  he  looks  through 
the  common  eye-glafs,  which  is  in  general  more  convenient,  and 
therefore  that  is  the  telefcope  which  is  now  in  the  moft  univerfal 
repite. 

•  two 
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,wo  iMV-1  cjfapLnci!   fiuwing  from  each  extremity  oF^  -=-~ 

h(j  obiL-ct  int:)  ilie  great  tube,  and  trace  their  pro 

'rt-li  through  all  their  reflexions  and  refraifHons  lo  thr  — 
-j'f/at  the  end  of  the  fmall  tube  / /,  whicK  isjoinrt^    --^ 

0  [he  great  one. 

Let  us  then  (uppofL-  the  ot^eft  A  B  to  be  at  TucE^ETi 

1  diftance,  that  the  rays  C  may  flow  from  its  lowe  ^ 
■xtrcniity  B,  and  the  rays  E  from  its  upper  cxtre — — — 
nity  A  ;  then  the  rays  C  falling,  parallel  upon  th  —^^ 
;re.it  mirror  at  D,  will  be  thence  reflefted  convprt^  — — 
ng  in  the  dircdion  D  G,  and  by  crofling  at  I  in  th -  ■^ 

ipal  focLii  of  the  mirror,  they  will  form  the  upp^^=^-«^ 
inity  1  of  the  invei  ttd  image  I  K,  fimilar  to  th  -^^^ 
owcr  extremity  B  of  the  objeift  A  B,  and  palling  oj~^"^ 
o  the  concave  mirror  L  (whofe  focus  is  at  n}  the___3»' 
,'ill  fall  upon  it  at  g,  and  be  thence  reflefted,  coa-  — 
erging  in  the  direftion  ^  N,  becaufe  gm  is  longe-  ^* 
han  gn,  and  palling  through  the  hole  P  in  the  largi—  "^ 
nirror,  they  would  meet  foincwhere  about  r,  and  fron^^^^^ 
lie  lower  extremity  h  of  the  credt  image  ai>,  fimila^C^^^ 
n  'he  lower  extremity  B  of  the  objeft  A  B.     But  b^^^^" 

n^ing  through  the  plano-convex  glafs  R  in  their  way 
hey  form   that   c,\tremity  of  the  im:igc  at  b.     In  th^^^^ 
lanncr  the  rays  F,  which  come  from  the  t 
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mity  A  pf  the  objc6t  A  B  ;  but  by  paffing  through  the 
convex  glafs  R  in  their  way,  they  meet  and  crofs 
fboner^  as  at  j,  where  that  point  of  the  ereft  image  is 
formed.  The  like  being  underftood  of  all  thofc  rays 
ivhich  flow  from  the  intermediate  points  of  the  objedt 
between  A  and  B,  and  enter  the  tube  T  T,  all  the 
intermediate  points  of  the  image  between  a  and  b  will 
be  formed ;  and  the  rays  pafling  on  from  the  image 
through  the  eye  glafs  S,  and  through  a  fmall  hole 
€  in  the  end  of  the  lefler  tube  //,  they  enter  the  eye^ 
which  fees  the  image  ab  (by  means  of  the  eye-glafs) 
under  the  large  angle  c  e  dj  and  magnified  in  length 
under  tliat  angle  from  c  to  d. 

In  the  bed  reflefting  telefcopes,  the'  focus  of  the 
fmall  mirror  is  never  coincident  with  the  focus  m  of 
the  great  one,  v/here  the  firft  image  I  K  is  formed, 
but  a  litde  beyond  it  (with  refpeft  to  the  eye)  as  at 
n  ;  *the  confequence  of  which  is,  that  the  rays  of  the 
pencils  will  not  be  parallel  after  reflexion  from  the 
fmall  mirror,  but  converge  fo  as  to  meet  in  points 
about  y,  ey  r,  where  they  v/ould  (onx\  a  larger  upright 
image  than  a  h^  if 'the  glafs  R  was  not  in  their  way^ 
and  this  image  might  be  viewed  by  means  of  a  fingle 
eye-glafs  properly  plicetl  between  the  iirage  and  the 
eye ;  but  then  the  field  of  view  would  be  lefs,  and 
confequently  not  fo  plea!ant ;  fjr  that  reafon  the  glafs 
R  is  ftill  retained  to  enlarge  the  fcope  or  area  of  the 
field. 

To  find  the  maenifying  power  of  this  telefcDpe, 
multiply  the  focal  diftance  of  the  great  mirror  by  the 
diilance  of  the  fir.ali  mirror  from  the  image  next  the 
eye,  and' multiply  the  focal  diftance  of  the  fmall  mirror* 
by  the  focal  diftance  of  die  eye-glafs ;  then  divide  the 
produft  of  the  form*er  multiplication  by  that  of  the 
Vol.  I.  S  latter, 
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Iat(er,  and  the  quotient  will  exprefs  the  magnifying 
power  *. 

The  immcnfcly  powerful  telefcopes  of  Dr.  Herf- 
chel  are  on  a  different  conftrudtion.     This  afliduou 
aftronomer  has  made  feveral  fpeculums,  .which  are  Ic 
pcrfeft  as  to  bear  a  magnifybg  power  of  more  thann 
fix  thouland  times  in  diameter  on  a  diftant  bbjeft  f 
The  objeft  is  reficfted  by  a  mirror  as  in  the  Gregorian 
tclefcope,  and  the  rays  are  intercepted  by  a  lens  ar 
a  proper  diftance,  fo  that  the  obferver  has  his  baclrl 
to  the  objeft,  and  looks  through  the  lens  at  the  mirrorK 
The  magnifying  power  wiJl  in  this  cafe  be  the  fame  a: 
in  the  Newtonian  telcfcope,  but  there  not  being  a  fc-: 
cond  refledor,  the  brightnefs  of  the  objeft  viewed  ii 
the  Herfchelian  is  greater  than  that  in  the  Newtonia: 
telefcope. 

There  are  feveral  amufing  optical  deceptions,  whiic 
are  effefted  by  a  proper  combination  of  plane  or 
vex  glaffes.     My  limits  will  not  admit  the  notice 
more  than  two  of  the  amufing  kind,  namely,  the  mar 
gic  lanthorn  and  the  camera  obfcura.     The  forme 
is  a  microfcope  upon  the  fame  principles  as  the  (olzr 
microfcope,  and  may  be  ufed  with  good  effedt  for 
magnifying  fmall  tranfparent  objedts ;  but  in  general 
it  is  applied  to  the  purpofe  of  amufcment,  by  cafting 
the  fpecies  or  image  of  a  fmall  tranfparent  painting  on 
glafs  upon  a  white  wall  or  fcreen,  at  a  foeal  diftance. 
from  the  inftrument. 

Let  a  candle  or  lamp  C  (fig.  47.)  be  placed  ia  the 
infide  of  a  box,  fo  that  the  light  may  pafs  through  the 
plano-convex  kns  N  N,  and  ftrongly  illuminate  the 
objeft  O  B,  which  is  a  tranfparent  paindng  on  glals,  in- 
verted and  moveable  before  N  N,  by  means  of  a  Aid- 

♦  Fergufon's  Ledlures,  p.  235,  * 

t  Sec  Phil.  Tranf.  1784. 
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ng  piece  in  which  the  glafs  is  fet  or  fixed.  This  il- 
uminacion  is  ftiU  more  increafed  by  the  reflexion  of 
ight  from  a  concave  mirror  S  S,  placed  at  the  other 
!nd  of  the  box,  that  caufes  the  light  to  fall  upon  the 
lens  N  N,  as  reprefcnted  in  the  figure.  Laftly,  a  lens 
L  L,  fixed  in  a  Aiding  tube,  is  brought  to  the  requifite 
diftance  from  the  objed  O  B,  and  a  large  ereA  image 
[  M  is  formed  upon  the  oppofite  wall. 

The  camera  obfcura  has  the  fame  relation  to  the 
telefcope,  as  the  folar  microfcope  has  to  the  common 
double  microfcope,  and  is  thus  conflruffced  1 

Let  C  D  (fig.  48.)  reprelcnt  a  darkened  chamber 
perforated  at  L,  where  a  convex  lens  is  fixed,  the  cur- 
vity  of  which  is  fuch,  that  the  focus  of  parallel  rays 
[alls  upon  the  oppofite  wall.  Then  if  A  B  is  an  ob- 
je£b  at  fuch  a  diflance,  that  the  rays  which  proceed 
from  any  given  point  of  its  fur&ce  to  the  lens  L  may 
be  cflecmed  parallel,* an  inverted  pi6hire  will  be  formed 
3n  the  oppofite  w^l ;  for  the  pencil  which  proceeds 
from  A  will  converge  to  a^  and  the  pencil  which  pro- 
reeds  from  B  will  converge  to  b^  and  the  interme- 
diate points  of  the  objed  will  be  depided  between 
i  and  *  ♦. 

*  Nicholfon's  Natural  Philor.  Tol.  i.  p*  347. 
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Chap.     IX. 

OF  THE  DIFFERENT  RE  FR  ANGIB  ILIT  Y 
OF  THE  RAYS  OF  LIGHT,  AND  OF  CO- 
LOURS*. 

Errors  and  hiconveniencies  in  optical  Infiruments  from  the  RefraSion 
of  Light.'-^Nei.vtont  ^while  attempting  to  remedy  tbefe,  dijc9*vers  a 
fteiv  Property  in  Lig5t. "^Phenomena  and  Caufe  of  Colours  j-^-^Achro* 
matic  Teiefcope, — T/?e  Eye .  an  achromatic  optical  Inftrument, ^^Ex- 
periments' on  C clours, ''^Cau/e  of  the  permanent  Colottr  of  opakt 
Bodies, 


IN  the  preceding  chapters  we  have  feen,  that  in 
finding  the  foci,  feme  errors  naturally  arife  by  re- 
fraftion  from  every  lurface  whatever,  and  by  reflexion 
from  all  fpherical  furfaces.  When  paralfel  rays  arc 
refrafted  by  a  lens  (as  in  Plate  XXII.  fig.  49.)  the  far- 
ther the  ray  is  from  its  center,  the  greater  will  be  its 
deviation  from  the  point  F  which  we  called  the  focus. 
This  deviation  M  F  is  called  the  longitudinal  aberra- 
tion, and  F  N  its  latitudinal  aberration  ;  and  as  we  fee 
on  a  piece  of  paper  a  fmall  circle  formed  by  the  rays 
of  the  fun  intercepted  by  a  convex  lens,  its  magni- 
tude depends  on  its  radius,  or  the  latitudinal  aberra- 
tion FN.  This  aberration  depends  on  the  aperture 
of  the  elafs  A  B,  and  it  does  not  increafe  in  the  fim- 

*  This  fubji^Sl  has  been  partly  anticipated  in  the  ift  and  4tli 
chapters  of  this  book,  in  which  it  was  njcefiliry  to  give  a  fu'per- 
f^cial  account  of  the  difcoveries  concerning  light,  and  of  the  na- 
ture of  reflation.  The  reader  will;  however,  have  no  caufe  to  re- 
grcc  r.  little  rf  petition,  as  the  fubjed  is  not  very  clear  to  a  learner^ 
and  cannoi  be  too  forcibly  imprclTed  on  the  nuud. 

plc 
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pie  proportion,  but  the  triplicate  of  the  fcmi-aper-* 
ture  *.     Thus,  if  P  V  and  f  V  reprefent  the  fame 
glafs  with  different  apertures  P  H,  />  E, .  the  latitudi- 
nal 

•  Let  K  a,  L  ^  (Plate  XXV.  fig.  59.)  be  two  parallel  rays  very 
near  to  each  other>  incident  on  the  concave  refradling  furface 
A  C  B  at  Ay  ^j  it' is  required  to  find  m^  the  interfedtion  of  the  rays 
after  refradlion.  Draw  E  I,  E  H,  the  fines  of  incidence  and  re- 
fraction ;  and  from  the  point  H  draw  H  G  perpendicular  to  the 
radius  £  h,  and  from  G  draw  G  m  parallel  to  the  incident  rays, 
and  cutting  the  refraded  ray  hfin  w,  m  is  the  point  required. 

For    A  aE^ia  mc-{-a  c  mzna  m  c-^-c  E  i'\-c  h  E  .*.  A^{£-^ 
c  h  Ezra  m  C'\-c  E  ^izincrement  of  the  angle  of  rcfradlion,  and 
f  E  ^=:increraent  of  the  angle  of  incidence  .•.  increment  of  the' 
angle  of  incidence  :  increment  of  refradlion  \:  aEh  i  aEl}-\-am  B, 

,\£,  Eh  \  amb  i:  increment  of  incidence  :  increment  of  refrac- 
tion -—  increment  of  incidence. 

But  when  the  fines  of  angles  are  to  each  other  in  a  given  ratio, 
the  increments  of  the  angles  vary  as  their  tangents. 

aEh  I  a mh  : :  tangent  of  incidence  :  tangent  of  refradlion  — 
tangent  of  incider.ce. 

Bat  H  G  is  the  tangent  of.rcfradlion  H^G,  and  OG  is  the 
tangent  bf  incidence  O  i  G. 

.\aEh'.amb:\OG:  HO. 

With  m  as  center,  and  m  b  radius,  defcribe  the  arc  b  d.  then 

_  ,  .       a  b     b  d 

aEo  :  amb  ::  -r-,  :  -7 — 

iLa     bm 

Now  abi.bd  iiEb  '.  b  H. 

Hence  ^  M  :  ^  H  : :  O  G  :  H  O,  and  G  m  joining  the  points 
G  and  m  is  parellel  to  the  incident  rays,  and  confcquently  by 
drawing  from  G  a  parallel  to  the  incident  rays,  the  point  of  inter- 
/edion  of  the  refradled  rays  is  determined. 

Hence,  fince  b  Hznb  E  Xcof.  of  E  ^  H,  the  radius  being  unity, 
fhc  diftance  of  the  interfcdUon  from  the  point  of  incidence  is 
/ound,  by  making  as  the  difference  of  the  tangents  of  incidence 
and  refradion  to  the  tangent  of  incidence,  fo  is  raJius  of  the  fur- 
face  multiplied  into  the  cof.  of  refradlion,  to  the  dillance  of  the 
point  of  interfcdion  from  the  point  ofincidcr.ee. 

The  diftance  m  of  the  interfedion  mg  from  the  axis  C  F,  varies 
as  the  cube  of  the  femi-aperture  of  the  fphcrical  furface. 
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nal  aberration  N  F  in  the  firft  cafe  will  be  *o  that  of 
«  F  in  the  fecond  as  the  cube  of  P  H  tq  the  cube 
of  ^E. 

Pliilofophcrsj  corfidering  the  errors  to  which  they 
were   thus  expofed  by  the  fpherical  form  of  their 

Form^=:DG=EG  X  Sin.  GED=EGxS.E^L 
EG=HLxCo!.  HEG=:HExS.HiE. 

HK=E^xS.HiE. 

.-. /n^-E;-x5.  hae;'xs.e*i. 

bui  S.  i-I  ^  E  varies,  as  S.  E  J  I  and  E  i  is  a  conftant  qaaotity. 

.-.  mg  varies  as  S.  b.6l\',  tint  is  u  ETi',  that  is  as 

If  liif  line  mg  be  now  fupporcd  to  move  parallel  to  itfelf  on  the 
axis  C  F,  and  lo  be  made  proportional  in  every  place  to  che  cnbe 
of  the  femi  aperture,  a  curve  will  be  formed  to  which  the  refrifled 
rays  will  be  tangents,  and  as  the  adjacent  rays  crofs  each  other  in 
the  points  jji,  or  the  extremities  of  the  ordinate  ;  the  light  in  thefc 
points  will  be  ftronger  than  within  its  area ;  and  the  curve  thus 
which  experiment  fliews  to  lu  in  various  inlUncei,  ii 
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^laflcsj  employed  their  thoughts  a  long  time  on  yari«» 

ous  modes  10  bring  the  rays  of  light  more  accurately 

to   ^  focus.     The  greateft  of  philofophers,  Newton 

himfelf,  was  endeavouring  to  make  a  reiledor  of  a 

parabolical  form>  which,  if  he  had  fucceeded  in  his 

attempt,  would  manifcftly  have  obviated  this  incon* 

vcnience,  when  his  thoughts  were  turned  into  another 

channel  by  a  difcovery,  which  taught  him  that  the 

errors  arifing  from  the  fpherical  form  of  his  glafTes 

were  trifling,  compared  with  wh^t  muft:  arife  from  his 

newly  difcovered  property  of  the  rays  of  light.    Each 

ray,  notwithftanding  the  exceeding  minutenefs  of  its 

breadth,  was  now  found  to  be  compounded  of  feven 

other  rays,  from  whofe  various  combinations  all  the 

beautiful  colours  in  nature  originate. 

The  experiment  on  which  this  difcovery  is  founded 
is  thus  defcribed  by  Newton  himfelf. 

*  In  a  very  dark  chamber,  at  a  round  hole  F  (Plate 
XXIII.  Fig.  50.)  about  one- third  of  an  inch  broad, 
made  in  the  fhut  of  a  window,  I  placed  a  glafs  prifm 
ABC,  whereby  the  beam  of  the  fun*s  light,  S  F, 
which  came  in  at  that  hole,  might  be  refraftcd  up- 
ward3,  toward  the  oppofite  wall  of  the  chamber,  and 
there  form  a  coloured  image  of  the  fun,  reprefented 
at  P  T.     The  axis  of  the  prifm  (that  is,  the  line  paf- 
fing  through  the  middle  of  the  prifm,  from  one  end  of 
it  to  the  other  end,  parallel  to  the  edge  of  the  refraft- 
ing  angle)  was  in  this  and  the  following  experiments 
perpendicular  to  the  incident  rays.     About  this  axis 
I  turned  the  prifm  flowly,  and  faw  the  refrafted  light 
on  the  wall,  or  coloured  image  of  the  fun,  firft  to 
defcend,  and  then  to  afcend.     Between  the  defcent 
and  afcent,  when  the  image  feemed  ftationary,  I  flop- 
ped the  prifm  and  fixed  it  in  that  pofture, 
<  Then  I  let  the  refrafted  light  fall  perpendicularly 

S  4  upon 
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fraftion,   and  that  this  focus 
point.     Thr  reader  will  n  itur: 
ration  mult  be  confiuerably  in 
order  of  colour-making  rays  t 
thefe  fines   mufl:   be  aflfumed 
without  underflanding  the  cai 
fible  of  this  by  noticing  the  < 
through  a  tclcfcopej  and  fro 
fubjcA  it   might  feem   impoi 
Ihould  be  applied  to  the  inc 
iball  fet  bounds  to  the  fagaci 
ticians  could  point  out  certain 
and  refrangible  powers  by  whic 
colourlcfs,  as  the  white-maki 
called,  to  the  eye  j  and  a  cele 
own  times,  Mr.  DoUond,  has  1 

itironed  by  a  circle,  the  colours  of  wh 
ternal  part,  are  blue^  u  hite,  yellow,  re* 
cular  fcrics,  viz.  yiolet^  blue,  {jioer, 
Uac,  green,  yellow,  red  ;  green,  red  ; 
blue,  pale  red  ;  greenlHi  blue,  reddilh 
Theic  are  the  colours  which  appear 
nittcd  light  the  folic  i  win  a  rpr;»»c 
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ing,  in  great  meafure,  their  theories.  By  making  a 
compouad  lens  of  three  diflfferent  fubftanccs  of  differ- 
ent refrangible  powers,  the  rays  of  light,  which  were 
difperied  too  much  by  one  convex  lens,  are  brought 
nearer  to  an  union  with  each  other,  and  the  teleicopes 
made  with  an  objeft  glafs  of  this  kind  are  now  com* 
monly  ufed,  and  well  known  by  the  name  of  achro- 
matic telefcopcs  i  the  word  achromatic  being  ufed  by 
that  pedantry  which  infedts  moft  of  our  philofophers, 
who  love  to  give  a  Greek  word,  unintelligible  to  the 
greater  part  of  their  readers,  mftead  of  the  equally  fig- 
liificant  term  in  our  own  language,  colourlefs. 

*  The  objeft-glaflcs  of  Mr.  DoUond's  telefcopes  arc 
compoied  of  three  diftinft  lenfes,  two  convex  and  one 
concave  5  of  which  the  concave  one  is  placed  in  the 
middle,  as  is  reprefented  in  Fig.  5 1 .  where  a  and  c 
(how  the  two  convex  lenfes,  and  i  b  the  concave  one, 
which  is  by  the  Britifli  arcifts  placed  in  the  middlA 
The  two  convex  ones  are  made  of  L-ondon  crown 
glafs,  and  the  middle  one  of  white  flint  glafs  j  and  they 
arc  all  ground  to  fpheres  of  different  radii,  according 
to  the  refraftive  powers  of  the  different  kinds  of  glafs, 
and  the  intended  focal  diftance  of  the  objedt-glafs  of 
the  telefcope.  According  to  Bofcovich,  the  focal  dil^ 
tance  of  the  parallel  rays  for.  the  concave  lens  is  one- 
halfi  and  for  the  convex  glafs  one-third  of  the  com- 
bined focus.  When  put  together,  they  refraft  the  rays 
in  the  following  manner.  Let  ab,  ab  (Fig.  52.)  be 
two  red  rays  of  the  fun's  light  falling  parallel  on  the 
firft  convex  lens  c.  Suppofmg  there  was  no  other  lens 
prefent  but  that  one,  they  would  then  be  converged 
into  the  lines  be^be^  and  at  laft  meet  in  the  focus  q. 
Let  the  lines  ghy  gb,  reprefent  two  violet  rays  falling 
pn  the  furface  of  the  lens.  Thefe  are  alfo  refraftcd, 
and  will  meet  in  a  focus  -,  but  as  they  have  a  greater 

degree 
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degree  of  refrangibility  than  the  red  rays,  they  muft  of 
confequence  converge  more  by  the  fame  power  of  re- 
fradlion  in  the  glafs,  and  meet  fooner  in  a  focus,  fup- 
pofe  at  r.— fLet  now  the  .concave  lens  ^^  be  placed  in 
fuch  a  manner  as  to  intercept  all  the  rays  before  they 
come  to  their  focus.  If  this  lens  was  made  of  the  fame 
materials,  and  ground  to  the  fame  radius  with  the 
convex  one,  it  would  have  the  fame  power  to  caufe 
the  rays  to  diverge  that  the  former  had  to  make  them 
converge.     In  tins  cafe,  the  red  rays  would  become 
parallel,  and  move  on  in  the  line  00,00:  but  the  con- 
cave lens,  being  made  of  flint  glafs,  and  upon  a  (hortcr 
radius,  has  a  greater  refradive  power,  and  therefore 
they  diverge  a^  little  after  they  come  out  of  it ;  and  if 
no  third  lens  was  interpofed,  they  would  proceed  di- 
verging in  the  lines  opi,  opt;  but,  by  the  interpofi- 
tion  of  the  third  lens  ovoy  they  are  again  made  to  con- 
verge, and  meet  in  a  focus  fomewhat  more  diftant  than 
the  former,  as  at  .v.     By  the  concave  lens  the  violet 
rays  are  alfo  refraded,  and  made- to  diverge  :  but  hav- 
ing a  greater  degree  of  refrangibilit)'',  the  fame  power 
of  rcfradcion  makes  them  diverge  fomewhat  more  than 
the  red  ones ;  and  thus,  if  no  third  lens  was  interpofed, 
they  would  proceed  in  fuch  lines  as  /;;;>/,  Imn.    Now 
as  the  differently  coloured  lays  fall  upon  the  third  lens 
with  different  degrees  of  divergence,  it  is  plain,  that 
the  fimc  power  of  refraftion  in  that  lens  will  operate 
upon  them  in  fuch  a  manner  as  to  bring  them  all  to- 
gether to  a  focus  very  nearly^at  the  fame  point.     The 
red  rays,  ic  is  true,  require  the  greateft  power  of  re- 
fraction to  bring  them  to  a  focus  i  but  they  fall  upon 
the  lens  with  the  leaft  degree  of  divergence.     The 
violet  rays,  thoiigli  they  require  the  leaft  power  of  re- 
li'aaion;  yet  h.ive  the  greateft  degree  of  divergence  j 

and 
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and  thus  all  meet  together  at  the  point  x^  or  very  near- 
ly fo  ♦/ 

The  more  we  inveftigate  the  works  of  nature,  the 
greater  reafon  have  we  to  admire  the  wifdom  of  its 
author,  a«nd  that  wonderful  adaptation  of  our  organs, 
in  the  nunuteft  particulars,  to  the  general  laws  which  " 
pervade  the  univerfe.  The  fubjeft  before  us  affords 
a  ftriking  inftance  to  corroborate  this  remark.  We 
have  hitherto  fuppofed  the  eye  to  be  a  lens  capable 
only  of  enlarging  and  contrafting,  and  confequently, 
from  the  defcription  now  given  of  the  rays  of  light,  it 
muft  be  incapable  of  obviating  the  confu lion  which 
mull  arife  from  their  different  degrees  of  refrangibi- 
lity.  But  here  the  ufe  of  that  wonderful  ftrufture  of 
parts,  and  the  different  fluids  in  the  eye,  is  clearly  fcen. 
The  eye  is,  in  fact,  a  compound  lens.  Each  filiid  has 
its  proper  degree  of  refrangible  power.  The  fliape  of 
the  lenfes  is  altered  at  will,  according  to  the  diftancc 
of  the  objetl ;  and  the  three  fubftanccs  having  the  pro- 
per powers  of  refrangibility,  the  efFcfts  of  an  achro- 
matic glafs  are  without  difficulty  performed  by  the 
eye,  whofc  mechanical  fl:?*u6ture  and  judicious  arrange- 
ment of  fubftances  it  is  in  vain  for  the  art  of  iiian  to 
imitate. 

From  what  has  been  ftated,  the  principal  pheno- 
mena of  colours  niay,  without  much  difficulty,  be  ex- 
plained. 

If  all  the  dlifcrent  coloured  rays  which  the  prifm 
affords  are  rc-uniccd  by  means  of  a  concave  mirror, 
the  produce  will  be  'ivbite-,  yet  th.efe  fame  rays,  whicli, 
taken  together,  form  white,  give,  after  the  point  of 
their  re-union,  that  is,  beyond  the  point  where  they 
crofij  each  other,  the  fame  colours  as  thofe  which  de- 

*  Encyclop.  Brit.  vol.  xiii.  p.  354. 

parted 
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parted  from  the  prilm,  but  in  a  rcvcrfed  order,  by  the 
croflingof  the  rays;  the  rcafoa  of  which  is  clear  j  for 
the  ray  being  white  before  it  was  divided  by  rhe  prifm, 
muft  neceffarily  become  fo  by  the  re-union  of  its  part^ 
which  the  difference  of  rcfrangibility  had  feparatcd, 
and  this  re-union  cannot  in  any  manner  tend  to  alter 
or  dcftroy  the  nature  of  the  colours;  it  follows  then 
that  they  muft  appear  again  beyond  the  pomt  of  crof- 
fing. 

In  the  fame  manner,  if  we  mix  a  certain  proportion 
of  red  colour  with  orange,  yellow,  green,  blue,  indigo, 
and  violet,  a  colour  will  be  produced  which  refembles 
that  which  is  made  by  mixing  a  little  black  wiih  white, 
and  which  would  be  entirely  white  if  fome  of  the  rayi 
were  not  loft  or  abforbcd  by  the  groflhefs  of  the  co^ 
louring  matter, 

A  colour  nearly  approaching  to  white  is  alfo  formed 
by  colouring  a  piece  of  round  pafteboard  with  the  dif- 
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ceives  only  green  ones,  which  are  the  only  rays  ic  caxk 
cranfmic. 

If  the  rays  of  the  fun  are  made  to  fall  very  obiiqucif 
upon  the  interior  furface  of  a  prifm,  the  violet-colour- 
ed rays  will  be  reflefted,  and  the  red,  &c.  will  be 
tranfmittcd ;  if  the  obliquity  of  incidence  is  augment- 
ed, the  blue  will  be  alfo  reflefted,  and  the  other  tranf- 
micted ;  the  reafbn  of  which  is,  that  the  rays  which 
have  the  moft  refrangibility  are  alfo  thofe  which  are  tfar 
cafieft  reflefted  ^ 

In  whatever  manner  we  examine  the  colour  of  a 
iingle  prifmatic  ray,  we  (hall  always  find,  that  neither 
rcfra£):ion,  refleftion,  nor  any  other  means,  can  make 
it  forego  its  natural  hue ;  but  if  we  examine  the  artifi- 
cial colouring  of  bodies  by  a  microfcope,  it  will  ap- 
pear a  rude  heap  of  colours,  unequally  mixed.  If  we 
mix  a  blue  and  yellow  to  make  a  common  green,  it 
will  appear  moderately  beautiful  to  the  naked  eye;  but 
when  we  regard  it  with  microfcopic  attention,  it  fcems 
a  confufed  mafs  of  yellow  and  blue  parts,  each  particle 
rcflefting  but  one  feparate  colour. 

To  determine  the  caufc  of  the  permanent  colours  of 
opake  bodies,  a  feries  of  experiments  was  inftituted 
by  Mr.  Dclaval,  as  noticed  in  the  hiftorical  part  of  this 
book.  He  prepared  a  great  variety  of  coloured  fluids^ 
which  he  put  in  phial  bottles  of  a  fquare  form.  The 
backs  of  thefe  phials  he  coated  over  with  an  opake 
fubftance,  leaving  the  front  of  the  phial  uncovered,  and 
the  whole  of  the  neck.  On  expofing  them  to  the  in- 
cident light,  he  found,  that  from  tiie  parts  of  the  phials 
which  were  covered  at  the  back  no  light  whatever  was 
reflefted,  but  it  was  perfcftly  black,  while  the  light 
tranfmitted  through  the  uncoated  parts  of  the  phials 

♦  BriiTon,  TraiteElcra.  de  Phyfiquc,  torn,  iu  page  361. 
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was  of  different  colours.  The  fame  Biiids,  fpiead 
thinly  on  .-t  white  ground,  exhibited  their  proptr  co- 
lours i  the  light  indeed  bfing  in  thii  cale  refleded  from 
ihe  white  ground,  and  tranlrnicrx-d  through  a  colonreil 
-fnediutn.  It  is  almoll  unnecelTary  to  add,  that  when 
fpread  upon  a  black  ground  they  afforded  no  co- 
lour. J 

The  fame  experiments  were  repeated  -with  glafi  I 
tinged  of  various  colours,  and  the  refult  was  pcrfeitly  I 
the  fame.     When  ihefc  glapes  are  of  fuch  a  rhinticfs,    \ 
and  are  tinged   fo  dilutely  that  light  is    tranfmioed 
through  them,  they  appear  vividly  coloured;  when  in    ' 
larger  maffcs,  and  the  ringing  mai[cr  more  dcnfcly  dif- 
fiifcd  through  tlicm,  they  are  black ;  when  the  tranf' 
mitred  light,  in  tht  iranfparent  plates  of  thefe  gl.iir«, 
was  intercepted  by  covering  the  further  furfacc,  th:^ 
appeared  black. 

From  thcfe  difftrent  phenomena  Mr.  Delival  cl(wrV    1 
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fle6ted  from  the  anterior  furface.  This  diminution  is 
occafioned  by  the  lofs  of.  that  part  of  the  light  which  is 
abfbrbed  in  pkfling  through  the  coloured  glafs. 

The  next  objcft  of  this  ingenious  p|^ilofophef  was  to 
obtain  the  colouring  particles  pure  and  unmixed  with 
other  media*  To  this  end  he  reduced  feveral  tranf- 
parent  coloUred  liquors  to  a  folid  confidence  by  eva- 
poration, and  in  this  ftite  the  colouring  particles  re- 
"flcdled  no  lig'.t,  but  were  entirely  black. 

To  detcfrmine  the  principle  on  which  opake  bodies 
appear  coloured,  it  is  therefore  only  neceflary,  in  the 
firft  place,  to  recolleft,  that  all  the  coloured  liquors 
appeared  fuch  only  by  tranfmitted  light  i  and,  adly, 
that  thefe  liquors,  fpread  thinly  upon  a  white  ground^ 
exhibited  their  refpcftive  colours;  he  therefore  con- 
cludes, that  all  coloured  bodies,  which  are  not  tranf- 
parent,  confift  of  a  fubftratum  of  fome  white  fub- 
fiance,  which  is  thinly  covered  with  the  colouring  par- 
ticles. 

On  extrafting  carefully  the  colouring  matter  from 
the  leaves,  wood,  and  other  parts  of  vegetables,  he; 
^und  that  the  bafis  was  a  fubftance  perfedlly  white- 
He  alfo  extraded  the  colouring  matter  from  different 
animal  fubftances;  from  flefh,  feathers,  &c.  whence 
the  fame  conclufion  was  direAJy  proved* 

Flefh  confifts  of  fibrous  vcffels,  containing  blood, 
and  is  perfedly  white  when  diverted  of  the  blood  by 
ablution ;  and  the  florid  red  colour  of  the  flefh  pro- 
ceeds fronn  the  light  which  is  reflcded  from  the  white 
fibrous  fubftance,  through  the  red  tranfparent  covering 
formed  by  the  blood. 

The  refult  was  the  fame  from  an  examination  of  the 
mineral  kingdom. 

Some  portions  of  light  are  refledled  from  every  fur- 
Face  of  a  body,  or  from  every  different  medium  into 

Vol.  I.  T  which 
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which  it  enters.  Thus,  tranfparent  bodies  reduced  to 
powder  appear  white,  which  is  no  other  than  a  co- 
pious refle<Stion  of  the  light  from  all  the  furfaccs  of  the 
minute  [iarts,  and  from  the  air  which  is  interpofcd  be* 
tween  thcfe  particles. 

The  general  appearance  of  a  ftrong  infufion  of  co- 
thineal  is  black ;  but  when  agitated,  its  furface  is  co- 
vered with  a  red  froth.  ^  The  reafon  is,  that  the  light 
is  reflefted  from  the  globules  of  air  inclofed  in  each 
of  the  bubbles  which  conftitute  the  froth,  and  is  tranf- 
mitted  through  the  films  of  red  liquor  which  cover 
them.  Several  vitreous  lubftances  in  like  manner  ap- 
pear black  in  a  folid  mafs,  but  when '  powdered,  of  a 
different  colour.  \The  aftion  of  thefe  powders  on  the 
rays  of  light  is  the  effeft  of  the  difcontinuance  of  their 
parts,  and  the  air  being  admitted  into  the  interftices, 
the  light  is  tranfmitted  through  the  thiii  tranfparent 
particles  of  the  glafe,  which  give  it  "that  tinge  the 
powder  exhibits.  If  oil,  inftead  of  air,  intercedes 
the  interftices  of  powdered  fubftances,  in  proportion  as 
it  approaches  to  the  denfity  of  the  fubflances  them- 
felves,  and  as  it  exceeds  air  in  this  refpeft,  it  renders 
the  colour  proportionably  darker.  "  Thus  when  in- 
digo, and  other  tranfparent  paints,  are  united  with  oil, 
the  air  is  expelled  from  their  interftices,  and  the  oik 
which  is  admitted  in  its  ftead,  from  the  nearnefs  of  its 
denfity  to  chat  of  the  powder,  reflefts  no  fenfible  light, 
fo  that  the  mafs,  which  confifts  of  fuch  uniformly  denfe 
media,  is  black."  *^  When  fmooth  furfaccs  of  dark- 
coloured  marble  or  flate,  or  any  other  polifhcd  fiib- 
ftance,  are  fcratched,  the  air  enters  into  the  interfaces 
which  are  opened  by  this  operation,  and  according  to 
the  cxcefs  of  its  rarity  over  that  of  the  malTcs  which  it 
intercedes,  it  reflefts  a  whiter  or  lighter  coloured  hue. 

By 
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By  polifliing  the  fiirface  alfoj  tlie  air  is  removed  from 
them,  and  the  dark  hue  is  rcftored." 

From  thcfe  cxperiinents  he  concludes,  "  that  vege- 
table, animal,  and  mineral  coloured  matter  is  tranfpa- 
rent ;  that  it  does  not  refleft  colours,  but  only  exhibits 
them  by  tranfmifnon ;  that  opake  coloured  bodies 
confift:  of  tranfparent  matter  covering  opake  white  par- 
ticles, and  tranimitting  the  light  which  is  reflefted 
from  them." 

With  refpeft  to  the  femi-pellucid  fubftances,  fuch 
as  the  IbluEiun  of  lignum  ncphriticum,  &c.  which  ap- 
pear of  one  colour  by  incident  and  another  by  tranf- 
mitted  light,  he  fays,  "  they  confift  of  pellucid  media, 
'through  which  white  or  colourlefs  opake  particles  arc 
diffufed."  Thefe  white  particles,  he  adds,  are  difpofed 
at  fuch  diftances  from  each  other,  that  Ibme  of  the  in- 
cident rays  of  light  are  capable'of  pafling  through  the 
intervals  which  intercede  them,  and  thus  are  tranfmit- 
eed  through  the  fcmi- pellucid  mafs.  Some  forts  of 
rays  penetrate  througli  the  mslTes,  whilft  other  forts, 
which  differ  from  them  in  refranglbilicy,'  are  refrafccd 
by  the  white  or  colourlefs  particlss.  Thus,  when  pel- 
lucid coioiirkfs  glafs  is  melted  with  arfenic,  the  arfenJc 
is  thereby  divided  into  minute  opake  particles,  which 
are  equally  diffufed  through  the  glafs.  If  only  a  fmall 
quantity  of  arfcr.ic  is  ufcd  in  this  compound,  the  white 
parricles  are  thinly  difleininated  in  it.  When  glafs  of 
(his  compofition  is  lifkl  between  the  window  and  the 
eye,  it  exhibits  a  yellow  or  orange  tinge  ;  when  viewed 
by  incident  light  it  is  blue.  The  yellow  or  orange 
arifcs  from  the, lefs,  refrangible  rays,  from  the  mixture 
of  which  that  colour  rcfults.  The  more  refrangible 
tre  reflejfted  back  by  the  white  particles. 
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I 

6¥  THE  RAINBOW,  AND  OTHER  REMARK- 
ABLE    PHENOMENA   OF   LIGHT. 

0/  the  primary  and  fecondary  Rainhonnj-^lVhy  the  Phenomenon  affimu 
the  Form  of  an  Arch. — At  'what  AngUs  the  different  Colours  are 
apparent. — Lunar  Rainbotv, "^Marine  Bo-m, "^Coloured  Remit fetn 
on  the  Ground. -^Halo  or  Corona.^-^Curious  Phenomena  feen  on  the 
Top  of  the  Cor diieras. '^Similar  Appearance  in  ScotIamd,^^ParheIia, 
or  Mock  Suttt.^^Singular  Lunar  Phenomenon, '^Blue  Colour  of  the 
Atmofphere. — Red  Colour  of  the  Morning  and  E*vening  Cloudu^^ 
Colour  of  the  Sea, 


SINCE  the  rays  of  light  are  found  to  be  decom- 
pounded by  refrafting  furfaces,  we  can  no  longer 
be  lurprifed  at  the  changes  produced  in  any  object  by 
the  intervention    of  another.     The  vivid    colourSj 
which  gild  the  rifing  or  the  fetting  fun,  mull  neccf- 
farily  differ  from  thofe   which  adorn    its  noon-day 
fplendor,     Tliere  muft  be  the  greateft  variety  which 
the   livelieft  fancy   caa  imagine.     The   clouds   will 
affume  the  moft  fantaftic  forms,  or  will  lour  with  the 
darkcft  hues,  according  to  the  different  rays  which 
are  rcflefted  to  our  eyes,  or  the  quantity  abforbed 
by  the  vapours  in  the  air.     The  ignorant  multitude 
will  neceflarily  be  alarmed  by  the  fights  in  the  hea- 
vens, by  the  appearance  at  one  time  of  three^  at  ano- 
ther of  five  funs,  of  circles   of  various  magnitudes 
round  the  fun  or  moon,  and  thence  conceive  that 
fome  fatal  change  muft  take  place  in  the  pbyfical  or 
the  moral  world,  fome  fall  of  empires  or  tremendous 
earthquake,  while  the  optician   contemplates  thcra 

-  merely 
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merely  as  the  natural  and  beautiful  effefts  produced 
by  clouds  or  yapour  in  various  maffes  upon  th^  rays 
of  light. 

One  of  the  nnoft  beautiful  and  common  of  thefe  ap- 
pearances delerves  particular  inveftigation,  as,  when 
this  fubjeft  is  well  underftood,  there  will  be  little  dif- 
ficulty in  accounting  for  others  of  a  fimilar  nature, 
dependant  on  the  different  refrangibility  of  the  liys  of 
light.  Frequently,  when  our  backs  are  turned  to  the 
fun,  and  there  is  a  Ihower  either  arouqd  us,  or  at  fome 
diftance  before  us,  a  fpecies  of  bow  is  fcen  in  the 
air,  adorned  with  all  or  fome  of  the  feven  primary  co- 
lours. The  appearance  of  this  bdw,  in  poetical  lan- 
guage called  the  iris,  and  in  common  language  the 
RAINBOW,  was  an  inexplicable  myftery  to  the  anrients  j 
and,  though  now  well  underftood,  continues  to  be  the 
fubje(5t  of  admiration  to  the  peafant  and  the  philo- 
fopher. 

We  are  indebted  to  Sir  Ifaac  Newton  for  the  ex- 
planation of  this  appearance,  and  by  various  eafy  ex- 
periments we  may  convince  any  man  that  his  theory 
is  founded  on  truth.  If  a  glafs  globe  is  fufpended  in 
the  ftrong  light  of  the  fun,  it  will  be  found  to  refleft 
the  different  prifmatic  colours  exaftly  in  proportion 
%o  the  pofition  in  which  it  is  placed  ;  in  other  words, 
agreeably  to  the  angle  which  it  forms  with  the  fpec- 
tator's  eye  and  the  incidence  of  the  rays  of  light. 
The  faft  is,  that  innumerable  pencils  of  light  fall  upon 
the  ftirface  of  the  globe,  and  each  of  thefe  is  feparated 
as  by  a  prifm.  To  make  this  matter  ftill  clearer,  let 
us  fuppofe  the  circle  PAW  (Plate  XXIII.  Fig.  53.) 
to  reprefent  the  globe,  or  a  drop  of  rain,  for  each  drop 
may  be'confidered  as  a  fmall  globe  of  water.  The 
red  rays,  it  is  well  known,  are  lead  refrangible ;  they 
will  therefore  be  reffadled,  agreeably  to  their  angle  of 
Jftcidcnce,  to  a  certain  point  A  in  the  nioft  diftant 
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part  of  the  globe ;  the  yellow,  the  green,  the  blue, 
and  the  purple  rays  will  each  be  refrafted  to  another 
point.  A  part  of  the  light,  as  refraded,  will  be  tranf- 
mitted,  hvx  a  part  will  alfo  be  reflefted  ;  the  red  rays 
at  the  point  A,  and  the  others  at  certain  other  points, 
agreeably  to  their  angle  of  refraftion. 

It  is  very  evident,  that  if  the  fpeft^tor's  eye  is  placed 
in  the  dircdiion  of  M  W,  or  the  courfe  of  the  red- 
making  rays,  he  will  only  diftinguilli.  the  red  colour; 
if  in  anotlier  (lation,  he  wilj  fee  only  by  the  yello 
rays  y  in  another  by  the  blue,  &c.  :  but  as  in  a  Ihowe 
of  rain  there  are  drops  at  all  heights  and  all  diftances^^  ij 
all  thofe  that  cire  in  a  certain  pofition  with  refpeft  f<g  > 
the  fpedator  will  refled  the  red  rays,  all  thofe  in  the — r* 
next  ftation  the  orange,  thofe  in  tlw:  next  the  green- 
fee. 

To  avoid  confufion  let  us  for  the  preftnt  imagin 
only  three  drops  of  rain,  and  three  degrees  of  colou 
in  the  fedion  of  a  bow  (Plate  XXIV.  Fig.  54.)     1 
is  evident  that  the  ano^le  C  E  P  is  lefs  than  the  and( 
B  E  P,  and  that  the  angle  A  E  P  is  the  greateft  o 
the  three.     This  lar^^eft  angle  then  is  formed  by  the 
red  rays,  the  middle  one  ccnfifts  of  the  green,  and 
the  fn uilleft  is  the   purple.     All  the  drops   of  rain, 
therefore,  that  happen  to  be  in  a  certain  pofition  to 
the  eye  r>f  the  fpeftator,  v/ill  reflecil:  the  red  rays,  and 
form  a  i^^ind  or  femicirclc  of  red  5  thofe  again  in  a 
certain  poiiijon  wlil  prefcrit  a  band  of  gre.en,  &c.     If 
he  niters  hib  ftation,  the  fpedator  will  flill  fee  a  bow, 
th(;uga  not  the  iame  bow  as  before  j  and  if  there  arc 
many  fpectators  they  will  each  fee  a  different  bow, 
though  it  appears  to  be  the  fame. 

There  arc  fometimts  ktn  two  bows,  one  formed  a^ 
has  been  defcr.bed,  the  other  appearing  externally  to 
cnibiace  the  primary  bow,  and  which  is  fpmetimes 
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oalled  a  fecondary  or  falfe  bow,  becaufe  It  is  faintef 
t:han  the  other ;  and  what  is  moft  remarkable  is,  that 
in  the  falfe  bow  the  order  of  the  colours  appears  al.- 
-ways  reverfed- 

In  the  true  or  primary  bow,  we  have  feen  that  thp 
rays  of  light  arrive  at  the  fpedator's  eye  after  two  rc^ 
fra<5lion9  and  one  refleftion ;  in  the  fecondary  bow, 
the  rays  are  fent  to  our  eyes  after  two  rejj'adions  and 
two  refleftions,  and  the  order  of  the  colours  .is  revtrf- 
cd,  becaufe  in  this  latter  cafe  the  light  enters  at  the 
inferior  part  of  the  drop,  and  is  tranfmitJted  through 
the  fuperior.  Thus  (Fig.  55.)  the  r^y  of  light  which 
enters  at  B  ij  refracted  to  A,  whence  it  is  rcflcfted  to 
P,  and  again  rcflefted  to  W,  where,  fuffcring  another 
refraftion,  it  is  fent  to  the  eye  of  the  fpeftator.  The 
colours  of  this  outer  bow  are  fainter  than  thofe  of  the 
other,  becaufe,  the  drop  being  tranfparent,  a  part  of 
the  light  is  tranfmitted,  and  confequently  loft,  at  each 
refleftion. 

The  phenomenon  aflumes  a  femicircular  appear- 
ance, bedaufe  it  is  only  at  certairt  angles  that  the  re- 
fradlcd  rays  are  vifible  to  our  eyes.  The  leaft  refran- 
gible, or  red  rays,  make  an  angle  of  forty-two  de- 
grees two  minutes,  and  the  moft  refrangible  or  violet 
rays  an  angle  of  forty  degrees  feventeen  minutes. 
Now  if  a  line  is  drawn  horizontally  from  the  fpefta- 
tor's  eye,  it  is  evident  that  angles  formed  with  this 
line,  of  a  certain  dimenfion  in  every  direftion,  will 
produce  a  circle,  as  will  be  evident  by  only  attaching 
a  cord  of  a  given  length  to  a  certain  point,  round 
which  it  may  turn  as  round  its  axis,  and  in  every 
point  v;ill  delcribe  an  angle  with  the  horizontal  line 
of  a  certain  and  determinate  extent. 

Let  H  O,  for  inftance  (Fig.  53.)  reprdent  the  ho- 
rizon, B  W  a  drop  of  rain  at  any  altitude,  SB  aline 
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drawn  from  the  fun  to  the  drop,  which  will  be  parallel 
to  a  hnc  S  M  drawn  from  tiie  eye  of  the  fpeftaror 
to  the  fun.  The  courfe  of  part  of  the  decompounded 
ray  S  B  may  be  firft  by  refraftion  from  B  to  A,  then 
by  refledion  from  A  to  W,  laftly  by  refraftion  from 
W  to  M.  Now  all  drops,  which  are  in  ftich  a  (itua- 
tion  that  the  incident  and  emergent  rays  S  B,  M  W, 
produced  through  them  make  the  fame  angle,  S  N  M 
will  be  the  means  of  exciting  in  the  fpeftators  the 
fame  idea  of  colour  *.  Let  M  W  turn  upon  H  O  as 
an  axis  till  W  meets  the  horizon  on  both  fide,  and 
the  point  W  will  dcfcribe  the  arc  of  a  circle,  and  all 
the  drops  placed  in  its  circumference  will  have  the 
property  we  have  mentioned,  of  tranfmitting  to  the  eye 

a  par- 

■  Half  the  angle  between  tbe  incident  and  emergent  rays  is 
equal  to  the  dilfi^retice  between  m  times  the  angle  of  refntftion 
and  tbe  angle  ol'  incidence;  m  being  equal  to  the  number  of 
1  C  L^C  BN  +  CN£ 
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a  particular  colour.  When  the  plane  H  M  W  A  is 
perpendicular  to  the  horizon,  the  line  M  W  is  di- 
refted  to  the  vertex  of  the  bow,  and  W  K  is  its  alti- 
tude. 


Hence  the  problem  is  reduced  to  a  queftlon  to  find  two  angles 
wbofe  fines  and  tangents  (hall  be  to  each  other  in  a  given  ratio. 

Let  xzslcq{.  of  a. 
jrrscof.  pf3. 

•'-  |/i— ;r*=  fine  A,  and : — =  Tan.  A, 

X 


y  i—j^  =  fine  B,    ^      ^  =Tan.B 


J — X*:  I— ji^::R*:P 


f\  X*  :j*: :  m 


1,  :  m 


»R* 


•%;c*  = 


m 


RV* 


I  —  a:»=- 


1» 


j!n 


*R»>» 


p  — 1„-  R«y 


:  I  — >*  : :  R*  :  I* 


p  —  «»  R»  j»=R»  —  K^y* 
1»  — R»=«»  R»^»— R«j,» 

.-.  I  :y::Kx  "/ m^  —  i  :  \/l»— R* 

Hence  the  co-fine  of  one  angle  being  found,  its  fine  is  given,  an4 
from  thence  the  fine  of  the  other  angle,  fince  they  are  in  a  givea 
ratio  to  each  other. 

Thus,  according  to  the  nature  of  the  bow,  whether  primary, 
fecondary,  5cc.  the  greateft  angle  between  the  incident  and  emer- 
gent rays  is  found  ;  but  in  this  cafe  the  rays  entering  jufi  above 
or  below  the  point  where  the  incident  ray  makes  the  greateft  angle 
between  the  incident  and  emergent  rays  muft,  after  emerging  from 
the  drop,  proceed  nearly  parallel  to  each  other,  and  confequently 
a  numbec  of  rays  ot  one  colour  will  fall  upon  the  eye,  diverging 
from  the  point  where  th«  angle  between  the  incident  and  emer- 
gent rays  is  the  ^r'^ateft,  ^nd  produce  the  appearance  of  that  co- 
lour at  the  thus  determined  height  in  the  ikies, 

Thi§ 
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'I'liis  aititudc  tkpends  on  two  things,  the  angle  be- 
f.vccii  tlic  iiiciiicnt  and  emergent  rays,  and  the  Iicigiit 
«f  thi-  f"n  aboi'e  the  horizon  i  for  fincc  S  M  is  pa- 
ri!!;;! to  S  K,  tl.f  angle  S  N  IVI  is  equal  to  N  M  I, 
bu:  '.>  M  1 1,  tlic  iikitudc  of  the  fun,  is  equal  to  K  M  I, 
thcri-Tji'..'  the  alcinide  of  the  bow  \V  yi  K,  which  is 
ctjiial  to  the  dlfil-rence  between  W  M  I  and  K  M  I, 
h  eijuLil  to  riic  difk-rence  between  the  angles  made  by 
tlu'  inci-lcnt  ajid  emergent  rays  and  the  altitude  of  the 
fun. 

The  angle  between  the  incident  and  emergent  riys 
is  difL  rent  for  the  diffl-rent  colours,  as  was  already 
inti.nateJj  far  the  red  or  leaft  refrangible  rays  it  is 
ccjii.il  lo  42"  ;' ;  for  ti'.e  violet,  or  moft  refrangible,  it 
is  e'.'j-iai  ii)  40'  17';  confequently  when  the  fun  is 
mure  t;:.in  4:'  2'  above  the  horizon,  die  red  colour 
cannot  be  k-ui  ;  wlicn  it  is  above  40°  17',  the  violet 
colour  Ci'iinoL  be  fccn,. 


F'.'l-  jt 
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In  the  fame  manner  innumerable  bows  might  be 
formed  by  a  greater  number  of  reflexions  within  the 
drops  ;  but  as  the  fecondary  is  fo  much  fainter  than 
the  primary,  that  all  the  colours  in  it  arc  feldom  ie«n, 
for  the  fame  reafon  a  bow  made  with  three  reflec- 
tions would  be  fainter  ftill,  and  in  general  altogether 
imperceptible.  Since  the  rays  of  light,  -by  various  re-? 
fledlions  and  refractions,  are  thus  capable  of  forming, 
by  means  of  drops  of  rain,  the  bows  which  we  fo  fre- 
quently fee  in  the  heavens,  it  is  evident  that  there  wiU 
be  not  only  folar  and  lunar  bows,  buf  that  many 
ftriking  appearances  will  be  produced  by  drops  upoa 
the  ground,  or  air  on  the  agitated  furface  of  the  water. 
Thus  a  lunar  bow  will  be  formed  by  rays  from  the 
moon  affcfted  by  drops  of  rain,  but  as  its  light  is 
vexy  faint  in  comparifon  with  that  of  the  fun,  fuch  4 
bow  will  very  feldom  be  feen,  and  the  colours  of  it^ 
when  feen,  will  be  faint  and  dim.  I  was  once  a  ipec- 
laror  of  a  lunar  bow,  in  the  courfe  of  a  pedeflrian  ex- 
pedition by  moonlight  in  the  autumnal  fcafon.  The 
night  was  uncommonly  light,  though  Ihowery,  and 
the  colours  much  more  vivid  than  I  could  have  con- 
ceived i  indeed  I  have  feen  rainbows  by  day  not  more 
conlpicuous.  There  were  not,  however,  fo  many  co-r 
lours  diftinguifliable  as  in  the  folar  bow. 

The  marine  or  fca  bow  is  a  phenomenon  fome- 
times  obferved  in  a  much  agitated  fea  j  when  the 
v/ind,  fweeping  part  of  the  tops  of  the  waves,  carries 
them  alofr,  fo  that  the  fun's  rays,  falling  upon  tht:m, 
are  refrafted,  &c.  as  in  a  common  fliower,  and  paint 
the  colours  of  the  bow* 

Rohault  mentions  coloured  bows  on  the  graft, 
formed  by  the  refraction  of  the  fun's  rays  in  the 
morning  dew. 


084  Hab,er.QniM.  [Bof&JH; 

Pr.  Langwith>  indeed,  once  faw  a  Ixhr  Ipn^'on 
the  ground,  the  colours  of  wluch  woe  almoft  u  Urelf  ' 
as  thofe  of  the  cummon  rainbow^  It  fras  nt^iidal 
feveral  hundred  yards.  It  war  not  rouiri,  but  obf  " 
long,  being,  as  he  concrived,  the  ponton  of  an  hyper- 
bola. The  colours  took  up  lefs  Ipace,  and  wer;  ~mud| 
more  lively  in  thofe  parts  of  the  bow  which  were 
near  him  than  in  thofe  which  were  at  a  diftance, ' 

The  drops  of  rain  defcend  in  a  globuhir  fbrm,  and 
dience  we  can  eaftly  account  for  the  e^As  produced  . 
by  them  on  the  rays  of  lig^t :  but  in  different  llate^ 
of  the  air,  inftcad  of  drops  of  xain  vapour  faHs  to  the 
ihe  earth  in  different  forms  of  Qeet,  fnow,  and  haiU 
In  the  two  latter  dates  there  cannot  be  a  refradton  df 
the  rays  of  light,  but  in  the  fomier  daxi,  when  a  drop 
u  partly  in  a  congealed  and  partly  in  a  fluid  fbrtti^ 
the  rays  of  light  will  be  differei}tly  afii:ded,  both  from 
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pic,  blue,  green,  yellow,  pale  red ;  in  the  outcrmofl:^ 
pale  blue  and  pale  red.  Hugens  obferved  one  red 
next  the  fuii,  and  pale  blue  at  the  extremity.  Mr, 
Wcidler  has  given  an  account  of  one  yellow  on  die 
infide  and  white  on  the  outfide.  In  France  one  was 
obferved,  in  which  the  order  of  the  colours  was, 
white,  red,  blue,  green,  and  a  bright  red  on  the  out- 
fide*. 

Artificial  coronas  may  be  made  m  cold  weather,  by 
placing  a  lighted  candle  in  the  midft  of  a  cloud  of 
fteam  ;  or  if  a  glafs  window  is  breathed  upon,  and  the 
flame  of  a  candle  placed  at  fome  diftance  from  the 
window,  while  the  operator  is  alfo  at  the  diftance  of 
(bme  feet  from  another  part  of  the  window,  the  flame 
will  be  (urrounded  with  a  coloured  halo. 

I  was  once  witncfs  to  a  very  pleafin^  phenomenon. 
The  full  \Tiooh  was  partly  dbfcured  behind  the  Ikirt  of 
a  very  thin  white  cloud,  which,  as  it  grew  thinner  to- 
wards the  edge,  had  the  full  efFcft  of  a  prifm  in  fepa-» 
rating  the  rays  of  light,  and  exhibited  the  colours  of 
the  rainbow  in  their  proper  gradations. 

When  M.  Bouguer  was  on  the  top  of  mount  Pi- 
chine.\,  in  tlie  Cordileras,  he  and  fome  gentlemen  who 
accompanied  him,  obferved  a  moft  remarkable  pheno- 
menon. When  the  fun  was  juft  rifing  behind  them, 
and  a  white  cloud  was  about  thirty  paces  from  them, 
each  of  them  obferved  his  own  fliadow  (and  no  other) 
projeded  upon  it.  All  the  parts  of  the  Ihadow  were 
diftinft,  and  the  head  was  adorned  with  a  kind  of  glo- 
ry, ccnfifting  of  three  or  four  concentric  crowns,  of  a 
very  lively  colour,  each  exhibiting  all  the  varieties  of 
the  primary  rainbow,  and  having  the  circle  red  on  the 
cutlide. 

•  PriCillcy'i  HiiL  of  Opt.  p.  597. 

Similar 
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towards  the  edges  they  were  tinged  with  colours  like 
thofe  of  the  rainbow,  and  diey  were  uneven  and  rag- 
ged. The  parhelion  N  was  a  litde  wavering,  and  fenc 
out  a  fpikcd  tail  N  P,  of  a  colour  fomcwhat  fiery,  the 
lengdi  of  which  was  continually  changing.  , 

The  parhelia  at  L  and  M,  in  the  horizontal  riji^ 
were  not  To  bright  as  the  Torn  er,  but  were  rounder, 
and  white,  like  the  circle  in  which  '.Iiey  were  placed. 
The  parhelion  N  difeppcared  before  K ;  and  while  M 
grew  fainter,  K  grew  brighter,  and  vaniQied  the  lafi  o£ 
>11. 

It  is  to  be  obfcrved  farther,  that  the  order  of  the  co- 
lours In  the  circles  D  E  F,  G  K  N,  was  the  fame  as  m 
the  common  halo's,  namely  red  next  the  fun,  and  the 
diameter  of  the  inner  circle  was  alfo  about  45  degrees; 
which  is  the  ufual  fize  of  a  halo.       ' 

Parhelia  have  been  feen  for  one,  two,  three,  'and 
four  hours  together;  and  in  North  America  they  art' 
iaid  to  continue  fome  days,  and  to  be  vifible  from  fun- 
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mheAt  diy,  and  fet  with  him  in  the  fame  manner  as 
they  rift.  Once  or  twice  he  faw  a  fourth  parhelion 
tinder  the  true  fun,  but  this,  he  adds,  is  not  com- 
mon*. 

The  cauTe  of  thefc  is  apparently  the  rcfledHon  of  the 
fun's  light  and  image  from  the  thick  and  frozen  elouds 
in  the  northern  atmofphere,  accompanied  alfo  with 
Ibme  degree  of  refraftion.  To  enter  upon  a  mathe- 
matical analyfis  of  thefe  phenomena  would  be  only  te- 
dious, and  very  foreign  to  our  purpofe.  From  what 
has  been  faiil  upon  this  fubje^^  it  is  evident,  that  all 
the  phenomena  of  colours  depend  upon  two  proper- 
W$  of  light,  the  rcfrangibility  and  reflexibility  of  its 
rays. 

The  TdIuc  colour  of  the  atmofphere  has  been  beauti- 
fully accounted  for  by  Mr.  Dclaval^  in  the  experiments 
already  detailed.  The  atmofphere  he  confidcrs  as  a 
femi -pellucid  medium',  which  abounds  in  volatile  and 
evaporabic  particles,  difcngaged  from  natural  bodies 
by  (cvcral  operations,  as  fermentation,  efFcrvefccnce, 
patrefiiftion,  &c.  Thefe  particles  differ  greatly  ift 
denfity,  &c.  from  the  air,  and,  as  they  rcfleft  a  white 
light,  may  be  confidcrcd  as  fo  many  white  particles 
diffufed  through  the  pcHucid  colourlcfs  air.  In  this 
refpcft  the  atmofphere  is  fimilar  to  the  femi-pcllucid 
medium,  which  is  formed  by  a  mixture  of  arfenic  with 
glafs.  In  both  theft  fubftances,  whilR:  the  white  par- 
ticles are  rarely  difll-minated  through  the  ttanfparent 
medium,  the  lefs  refrangible  rays  arc  tranfmitted 
through  the  intervals  which  intercede  the  particles  -f, 

but 

•  Prieftky's  Hift.  Opt.  p.  6 17. 

f  On  this  account,  diftant  BioiiDtains  covered  with  Tnow  (which 
it  is  well  known  teflcft  all  the  my*  of  the  fun)  appear,  when  the 
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but  the  more  refrangible  rays  are  intercepted  and  re- 
fieded  by  the  particles,  and  the  mixture  of  thofe  rays 
produces  a  blue  colour. 

In  air,  as  well  as  in  the  folid  fcmi-pellucid  media, 
when  the  white  particles  arc  more  dcniely  arranged, 
the  intervals  whicli  intercede  them  arc  diminiftied,  and 
in  this  ftate  of  the  atmofphere  a  great  proportion  of 
ail  the  rays  are  reflected,  fo  as  to  produce  the  effcift  of 
perfedt  whiienefs,  or  at  leaft:  an  approith  towards  it. 
Thus,  when  the  part  of  the  atmofphere,  which  is  near 
the  furface  ot  the  eardi,  is  occupied  by  grols  vapours, 
diis  mixture  of  air  with  aqueous  or  other  particles  h 
white:  fuch  is  the  common  appearance  of  fogs.  When 
fuch  vapours  are  ckvated  high  in  the  atmofphere,  and 
form  clouds,  they  reflcft  the  white  light  of  the  fun, 
and  appear  whiie,  whenever  its  incident  rays  fall  on 
them  entire  and  undivided;  and  as  the  reflei^ing  par- 
ticles are  not  equally  diEFufcd  through  every  part  ofthe 
pellucid  air,  of  which  the  atmofphere  principally  con-    , 
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rays  dian  of  the  refti  the  fun's  light  tranfmicted  through 
it  inclines  towards  yellow,  orange,  or  red,  efpccially 
when  it  paHes  throu^  a  long  tra6t  of  air ;  and  in  this 
manner  the  fun's  horizontal  light  is  dn6lurcd  with  a 
deep  orange,  and  even  red,  and  the  eolour  becomes. 
ftill  deeper  after  fun-fet ;  hence  he  concludes,  that  the 
, clouds,  according  to  their  different  aldtudes,  may  af- 
fume  all  the  variety  of  colours  at  fun-rifing  and  fettin^ 
by  barely  refleftlng  the  fun's  incident  light  as  they  re- 
ceive it. 

The  green  colour  of  the  fea  may  alfo  be  accounted 
for  in  the  fame  manner.  Sir  llaac  Newton,  and  others, 
have  fuppolcd  that  this  cffeiS  was  produced  by  die  re-  ' 
fie£livc  power  of  the  water  -,  but  that  this  is  not  the 
cafe  is  manifelli  for  when  l^a  water  is  admitted  into  a 
refervoir,  which  does  not  exceed  a  few  inches  in  dep(h> 
it  appears  pellucid  aud  colourkfs. 

Dr.  Hallcy,  in  the  diving-bell  *,  obferved,  that  when 
he  was  funk  many  fathoms  deep  into  the  fea,  the  up- 
per part  of  his  hand,  on  which  the  fun  Ihone  dirjiflly 
through  the  water,  was  rcdj  and  the  lower  part  a  blue-  . 
ifti  green.  On  thcfe  phenomena  Mr.  Delaval  obferves, 
that  the  fca  water  abounds  with  heterogeneous  particles, 
many  of  which  approach  fo  near  in  denfity  to  the  wa- 
ter itfelf,  that  their  rcfleftivo  power  muft  be  very  weak, 
though,  as  they  are  not  quite  of  the  fame  denfity,  they 
ftill  muft  have  fome  degree  of  refleftive  power.  Al- 
though thele,  therefore,  may  be  invifible  when  lepa- 
rately  viewed,  yet  when  the  forces  of  a  great  number 
of  fuch  minute  bodies  are  united,  thtlr  aftion  on  the 
rays  of  light  becomes  perceptible,  fome  rays  being  re- 
flected by  them,  whilft  others  are  tranfmitted  through 
their  intervals,  according  to  the  quandty  of  reflei5tive 

•  Newton'iOpt.  1. 1.  Part  ad. 
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matter  which  the  rays  arrive  at  in  the  tntema!  parts  of' 
the  water. 

The  opacity  of  riie  fca,  caufed  by  the  numerous  rc- 
fleflioni  from  its  int^rmal  parts,  is  fo  confidcrable,  thai 
it  is  not  near  fo  tranfparent  as  other  water ;  the  reBcc- 
tivc  particles,  therefore,  which  arc  difperfcd  throu^' 
the  msfs  of  fea  water,  have  confequcntly  a  greater,  re- 
flexive power  than  thofe  which  arc  difperfed  through . 
the  atmofphere.  Inftead,  tliercfore,  of  reflcfting  a  de- 
licate blue,  fuch  as  that  of  the  (ky,  the  fea  water,  bj- 
acting  v\)on  a  greater  portion  of  the  more  refrangible 
rays,  exhibits  a  green  colour,  which  we  know  to  be  a 
middle  colour  produced  by  the  mixture  of  blue  rays 
with  ibme  of  the  Icfs  refrangible,  as  the  yellow  or" 
orange. 

With  refped  to  the  phenomena  remarked  by  Dr. 
Halley,  it  is  eafy  to  conceive  that  the  light,  when  ftrip- 
ped  of  ail  the  more  refrangible  rays,  IhouH  produce  a 
rofc  colour,  fuch  as  that  he  obferved  on  the  upper  part 
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OP  THE  INFLECTION  OP  LIGHT. 

I 

Jltfrofpe^  of  the  Do^riae  of  Rifle3ioH.'--^Naturi  of  Inflexion  — iV#w-. 
tou^s  Experiments. -^Jinulogy  hit^wum  this  Property  And  ReftASHon, 
^^Curious  EJt£lsfrom  this  Property. 

THE  direAion  of  the  rays  of  light »  changed^  as 
we  have  f€cn>  ia  their  approach  to  certain  bo- 
tfies,  by  r^fkdtion  and  refraddon^  and  confequently  we 
ipuft  admit  that  there  is  ibme  power  in  thcfe  bodies 
by  which  fuch  ef{t<^  are  univerfally  produced.     If 
.  refietftion  was  produced  firaply  by  the  impinging  of 
particles  of  light  on  hard  or  ekftic  bodies,  or  if  they 
were  in  themfclves  elaftic,  the  iame  efiedb  would  folk- 
law as  in  ?he  impulfe  of  other  elaftic  bodies ;  but  the 
angle  of  incidence  could  not  be  equal  to  the  angle  of  re« 
6^ion,  unlefs  the  particles  of  light  were  perfeftly  elaf- 
tic»or  the  bodies  on  which  they  impinged  were  perfeftly 
elaftic.   Now  we  know  that  the  bodies  on  which  thefe 
jparticles  impinge  are  not  perfectly  elaHiic,  and  alio  that 
if  the  particles  of  light  were  perfeftly  elaftic,  the  dif- 
iiifion  of  light  from  die  refleding  bodies  would  be  very 
different  from  its  prcfcnt  appearance ;  for  as  no  body 
can  be  perfeftly  polifhed,  the  particles  of  light  v/hich 
arc  fo  inconceivably  fmall  would  be  reflefted  back  by 
the  inequalities  qn  the  furfac.:  in  every  direction;  con^ 
fequently  we  are  led  to  this  conclufion,  that  the  reflc6t- 
ing  bodies  have  a  power  which  ads  at  fome  little,  dif- 
jance  from  their  furfaces. 

Jf  this  reafoning  is  allowed  to  be  juft,  it  neccflarily 
follows,  that  if  a  ray  of  light,  inftead  of  impinging  on 

U  3  abody^ 
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a  body,  fliould  pafs  fo  near  to  it  as  to  be  within  the 
Jphcre  of  ihac  power  which  the  body  poneflcs,  it  muft 
necenhrily  fufFcr  a  change  in  its  direftion,  AAual  ex- 
periments confirm  the  truth  of  this  pofirion,  and  to  the 
change  in  the  direftion  of  a  parride  of  light,  owing  to 
its  ncarncfs  to  a  body,  we  give  the  name  of  inflec- 
tion. 

From  one  of  thefe  experiments,  made  by  Sir  Ifaac 
Newton,  the  whole  of  this  fubjeft  will  be  cafily  un- 
derftood.  At  the  diftancc  of  two  or  three  feet  from 
the  window  of  a  darkened  room»  in  which  was  a  hole 
three-foiirth<;  of  an  inch  broad,  to  admit  the  light,  he 
placed  a  black  fheet  of  pafteboard,  having  in  the  nniddle 
a  hole  about  a  quarter  of  an  inch  jquare,  and  behind 
the  hole  the  blade  of  a  ftiarp  knife,'t5  intercept  a  fmall 
part  of  the  light  which  would  otherwifc  have  pafled 
through  the  hole.  The  planes  of  the  pafteboard  and 
blade  were  parallel  to  each  other,  and  when  the  pafte- 
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Another  knife  was  then  placed  oppofite  to  the  fbr- 
mer,  and  he  obfcrved,  that  when  the  diftance  of  their 
edges  was  about  the  four  hundredth  part  of  an  inch, 
the  ftfeam  divided  in  the  middle,  and  left  a  (hadow 
bet>veen  the  two  pares,  which  was  fo  dark,  that  all 
light  pafling  between  the  knives  feemed  to  be  bent 
afide  to  one  knife  or  the  other;  as  the  knives  were 
brought  nearer  to  each  other,  this  (hadow  grew  broad- 
er, till  upon  the  contaft  of  the  knives  the  whole  light 
di(appeared. 

Purfuing  his  obfervations  upon  this  appearance,  he 
perceived  fringes,  as  they  may  be  termed,  of  different 
coloured  light,  three  made  on  one  fide  by  the  edge  of 
one  knife,  and  three  on  the  other  fide  by  the  edge  of 
the  other,  and  thence  concluded,  that  as  in  refraftion 
the  rays  of  light  are  differently  afted  upon,  To  are  they 
at  a  diftance  from  bodies  by  infleftion ;  and  by  many 
other  experiments  of  the  fame  kind  he  fupported  his 
pofition,  which  is  confirmed  by  all  fubfequcnt  experi- 
ments. 

We  may  naturally  conclude,  that  from  this  property 
-of  inflexion  fome  curious  changes  will  be  produced 
in  the  appearances  of  external  objefts.  If  we  tike  a 
piece  of  wire  of  a  lefs  diameter  than  the  pupil  of  the 
eye,  and  place  it  between  the  eye  and  a  diftant  objeft, 
the  latter  will  appear  magnified  (Fig.  57.)  Let  A  be 
a  church  fteeple,  B  the  eye,  C  the  wire.  The  rays  by 
which  the  fteeple  would  have  been  otherwife  feen  are 
intercepted  by  the  wire,  and  it  is  now  feen  by  inflcded 
rays,  which  make  a  greater  angle  than  the  dire6l  rays, 
and  confequently  the  fteeple  will  be  magnified. 

In  nearly  fiiutting  the  eyes,  and  looking  at  a  candle, 
there  appear  rays  of  light  extending  from  it  in  vari- 
ous direftions,  like  comets'  tails  \  for  the  light,  in  paf- 
fing  through  the  eye-lafhes,  is  inflefted,  and  confe- 

U  4  quently 
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qucntly  many  fcparate  beams  will  be  formed,  divulging 
from  the  lumlnoys  objed.     The  power  of  bodies  t^ 
infledl  the  rays  of  light  pading  near  to  them  will  pro-* 
duce  different  ejects,  according  to  the  nature  of  th^ 
nys  afted  upqn  5  cunfcquently  a  fep^ratioo  will  take 
place  in   the  cUfferently  refrangible  rays,  and  thofn 
fringes,  which  were  taken  notice  gf  by  Sir  Ifkac  New- 
ton, will  appear  in  other  objedls  which  are  feen  by  the 
means  of  inflefted  rays.     From  confidering  thus  the 
adlion  of  bodies  upon  light,  we  come  to  this  general 
conclufion,  fqr  which  we  arc  indebted  to  bur  great  phi- 
Iqfopher,  that  light;,  as  well  as  all  other  nniatter^  is^^£tcd 
upon  at  a  d^ftance ;  and  that  refledion^  refra&ioii,  and 
infie(5lion,  are  owing  to  certain  general  laws  in  the  psyr-r 
ticks  of  matter,  which  are  equaUy  neceflary  for  the 
preferyatiop  of  the  beautiful  harmony  in  thu^  objeft^ 
ncareft  to  us,  a^  to  produce  b^  their  joint  adtion  tjha( 
great  law  by  which  the  greater  bodies  in  ;heir  fyftej^ 
are  retained  in  their  refp^£)rive  orbit$. 
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HISTORY  OF  DISCOVERIES  REl,ATIVE  TO 

ELECTRICITY. 

Qrigh  tf  iifi  Namel*^Honjfj  far  EleBricity  ^was  knavau  /•  the  Au^ 
iitnti^'-^Mr,  Boyle.^^Otio  Guericke.'^Dr,  JValL-^Mr.  Hawkfiee^ 
Mr,  Grejf^s  Di/coveriis.^-^M,  Du  Fay*s, — Sidftquent  Di/co*veries  of 
Mr,  Grty.^-^Imptevemenfs  of  German  Philo/§pb€rs  .-^^Leyden  Phtal, 
EleSiwical  Battery»^^pirits  fired  by  Ele^ricity  ewdnSed  through 
the  River  Thames. r-^Tiuo  Species  of  EU3ri<ity  difcWindj^'-^iL^ 
franklin^ s  great  Difc(n'erip,    '' 

THE  attraftive  power  which  amber,  and  other 
ekftric  bodies,  acquire  by  fridlion,  was  long 
knowa  to  philofophcrs  i  and  it  is  almoft  unneceflary 
to  remark,  that  thi^  branch  of  fcience  derives  its  name 
from  Afjelpoi"  (eleftron)  the  Greek  word  for  amber. 
The  other  elcftric  properties  were  flowly  difcovered. 
Mn  Boyle  was  the  firft  who  had  a  glimpfe  of  the 
rfeftric  light  i  as  he  remarked,  after  rubbing  fomc 
diamonds  in  order  to  grve  them  the  power  of  attrac- 
poa,  that  they  afforded  light  in  the  dark. 

Otto  Guerickc,  burg<>mafter  of  Madgeburg,  made 
ao-eleAric  globe  of  fulphur,  and  by  whirling  it  about 
io  a  wooden  frame,  and  rubbing  it  at  the  fame  time 
irfdi  hia.hand»  ^  peffoifaed  various  dedrical  expe- 

ripients* 
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riments.  He  added  to  the  ftock  of  knowledge  the 
difcovery,  that  a  body  once  attraftcd  by  an  excited 
cledtric  was  repelled  by  it,  and  not  attraftcd  again  till 
it  had  touched  fome  other  body.  Thus  he  was  able 
to  keep  a  feather  fufpendcd  in  die  air  over  his  globe 
of  fulphur  ;  but  he  obfcrvcd,  that  if  he  drove  it  near 
a  linen  thread,  or  the  flame  of  a  candle,  it  inftantly 
recovered  its  propenfity  (if  I  may  ufe  the  expreflion) 
for  approaching  the  globe  again.  The  hifllng  noile^ 
and  the  gleam  of  light  which  his  globe  afforded,  both 
attracted  his  notice. 

Thefe  circumftances  were,  however,  afterwards  ac* 
curatcly  remarked  by  Dr.  Wall,  who,  by  rubbing  am- 
ber upon  a  woollen  fubllance  in  the  dark,  found  alfo 
that  light  was  produced  in  confiderable  quantities,  ac« 
comp^nied  with  a  crackling  noife  \  and  what  is  ftill 
more  extraordinary,  he  adds,  *'  this  light  and  crack- 
ling feems,  in  fome  degree,  to  reprcfent  thunder  and 
lightning." 

Mr.  Hawkfbee  firft  obferved  the  great  eleftric 
power  of  glafs.  He  conftrufted  a  wooden  machine, 
which  enabled  him  conveniently  to  put  a  glals  globe 
in  motion.  He  confirmed  all  the  experiments  of  Dr. 
Wall.  He  obferved,  that  the  light  emitted  by  the 
friftion  of  eledlric  bodies,  befides  the  crackling  noife, 
was  accompanied  by  an  acute  fcnfe  of  feeling  when 
applied  to  his  hand.  He  fays,  that  all  the  powers  of 
cledricity  were  improved  by  warmth,  and  diminifhed 
by  moifture. 

Hitherto  the  diftin<5lion  between  thofc  bodies  which 
are  capable  of  being  excited  to  electricity  and  thofe 
which  arc  only  capable  of  receiving  it  from  the  others, 
appears  fcarcely  to  have  been  fufpecled.  About  the 
year  1729,  this  great  difcovery  was  made  by  Mr. 
Grey,  a  penfioner  of  the  Charter- Houfe.    After  fome 

fruiricfs 
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fruitlcfs  attempts  to  make  metals  attraftivc  by  heat- 
ing, rubbing,  and  hammering,  he   conceived  a  fuf- 
picion,  that  as  a  glafs  tube,  when  rubbed  in  the  dark, 
communicated   its  light  to  various  bodies^  it  might 
polTibiy  at  the  fame  time  communicate  its  power  of 
attraflion  to  them.     In  order  to  put  this  to  the  trial, 
he  provided  himlelf  with  a  tube  three  feet  five  inches 
long,  and  near  an  inch  and  one-fifth  in  diameter; 
die  ends  of  the  tube  were  Hopped  by  cork ;  and  he 
found  that  when  the  tube  was  excited,  a  down  feather 
was  attracted  as  powerfully  by  the  cork  as  by  the 
tube  itfclf.     To  convince  himfelf  more  completely, 
he  procured  a  fmall  ivory  ball,  which  he  fixed  at  firft 
to  a*  ftick  of  fir  four  inches  long,  which  was  thruft  into 
the  cork,  and  found  that  it  attraded  and  repelled  the 
/  feather  even  with  more  vigour  than  the  cork  itfelf. 
He  afterwards  fixed  the  ball  upon  long  flicks,  and 
upon  pieces  of  brafs  and  iron  wire,  with  the  fame 
fuccefsj  and  laftly,  attached  it  to  a  long  piece  of 
packthread,  and  hung  it  from  a  high  balcony,  in  which 
ftate  he  found,  that  by  rubbing  the  tube  the  ball  was 
conftantly  enabled  to  attract  light  bodies  in  the  court 
below. 

His  next  attempt  was  to  prove,  whether  this  power 
could  be  conveyed  horizontally  as  well  as  perpendi- 
cularly i  with  this  view  he  fixed  a  cord  to  a  nail  which 
was  in  one  of  the  beams  of  the  ceiling,  and  making 
a  loop  at  that  end  which  hung  down,  he  infertcd  his 
packthread,  with  the  ball  which  was  at  the  end  of  it, 
through  the  loop  of  the  cord,  and  retired  with  the 
tube  to  the  other  end  of  the  room ;  but  in  this  ftatc 
he  found  that  his  ball  had  totally  loft  the  power  of  at- 
traftion.     Upon  mentioning  his  difappointed  efforts 
to  a  friend,  it  was  fuggefted,  that  the  cord  which  he 
had  ufed  to  fupport  his  packthread  might  be  fo  coarfe 
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ns  to  intercept  the  eleftric  power,  and  they  accoird- 
ing]y  attcinpted  to  remedy  this  evil  by  employing  a 
filk  ftring,  which  was  much  ftrocgcr  in  proporoon 
fiian  a  hempen  cord.  With  this  apparatus  the  expe- 
tnent  fuccceded  far  beyond  their  expectations.  En- 
couraged by  this  fuccefs,  and  attributing  it  wholly  to 
the  finencfs  of  the  filk,  they  proceeded  to  fupport  the 
packthread,  to  which  the  ball  was  attached,  by  very 
fine  brafs  and  iron  wire,  but,  to  their  utter  adooiih* 
ment,  found  the  eifed  exactly  xht  lame  as  when  diey 
uied  the  hempen  cord;  the  eledrical  virtue  utterly 
palled  away ;  while  on  the  other  hand,  when  the  pack'* 
thread  v/as  fupported  by  a  filken  cord,  they  were  able 
to  convey  the  eiedlric  virtue  fcven  hundred  and  fixty-- 
five  it^t. 

It  was  evident,  therefore,  that  thefe  effedU  depended 
upon  fomc  peculiar  quality  in  the  filk,  which  diiabled 
ic  frr)in  conducting  away  the  eleftrical  power,  as  the 
h' mpcn  cord  and  the  wire  had  done.  This,  probably, 
i«nmcdiar-^ly  led  to  the  difcovery  of  other  non-con** 
clr.Jring  bodies;  and  hatr^  rofiHy  glafsy  &c.  were  pre- 
sently .mule  ufe  of  to  infulate  the  bodies  which  were 
eleftiifiecl.  Tl.e  next  obvious  improvement  was  tp 
cleftrify  fcparate  bodies,  by  placing  them  upon  non- 
conductors; and  in  this  manner  Mr.  Grey  and  hij 
&icnd  Mr.  Wheeler  eleftrified  a  large  map,  a  tabic 
cloth,  &o.  &c.  In  the  latter  end  of  the  fame  fum- 
mer,  Mr.  Grey  found  that  he  could  eleftrify  a  rod  as 
well  as  a  packthread,  without  inferring  any  part  into 
his  exciti  J  t\\\y*y  aiid  that  it  only  required  to  be  placed 
nearly  in  coiicact  widi  the  apparatus, 

Mr.  Grey  proceeded  to  try  the  cflcds  of  eledlricitf 

upon   animal  bodies.     He  fufpendcd  a  boy  on  hair 

lines  in  a  horizontal  pofition,  and  bringing  the  exckcd 

tube  near  his  feet^  he  found  that  leaf  br^$  was  attraftcd 

2  very 
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very  vigproufly  by  i!ie  head  of  the  boy.  He  found 
alfo,  that  he  could  communicate  elcftricity  to  fluid 
bodies,  by  infuUttng  them  upon  a  cake  of  roftn ;  and 
obferved,  ilwt  when  an  excited  tube  was  held  over  a 
cup  of  water,  the  water  was  prdently  anrafted,  in  a 
conical  form,  towards  the  rube  j  that  the  clcctic  matter 
palled  from  the  tube  to  the  water  with  a  H^ht  fia(h 
and  a  crackling  noife  >  and  that  the  fluid  fubfidcd  with 
a  cremulous  and  waving  motion. 

After  this  period  the  fpirit  of  philofophy  in  thii 
branch  was  no  longer  confined  to  Et»^and.  M.  Du  - 
Fay.  intendant  of  the  French  king's  gardens,  added  to 
the  ftock  of  difcoveries.  He  found  that  all  bodies, 
except  metallic,  foft,  and  fluid  ones,  might  be  made 
eleftric  by  firft  heating  them,  and  then  rubbing  dicm 
on  any  fort  of  doth.  He  alfo  excepts  thofe  fub- 
ftances  which  grow  foft  by  heat,  as  gums,  or  wliich 
diflblve  in  water,  as  glue.  In  purfuing  Mr.  Grey's 
Mperiments  with  a  packthread,  &c.  he  perceived  that 
they  fucceeded  better  by  wetting  the  line.  To  prove 
the  efieAs  of  this  wonderful  agent  on  the  animal  body, 
he  fufpended  himlelf  by  (ilk  cords,  as  Mr.  Grey  had 
fiilpended  the  boy,  and  in  this  lituation  he  obferved, 
chat  as  foon  as  he  was  eleftriHed,  if  another  perfon 
approached  him,  and  brought  liis  hand,  or  a  metal 
rod,  within  an  inch  of  his  body,  there  immediately 
iflbed  &sm  it  one  or  more  prickling  Ihoots,  attended 
with  a  fnapping  noife ;  and  he  adds,  that  this  experi- 
ment occalioned  a  fimilar  fenfadon  in  the  pcribn  who 
placed  his  hand  near  him  :  in  the  dark  he  obferved, 
diat  thcle  fnappings  were  occafioned  by  fo  n;iany  fparks 
of  fire. 

Mr.  Grey,  on  rcfuming  his  experiments,  imme- 
tEatdy  conduded  from  that  of  M.  Du  Fay,  in  which 
4  ^eoe  of  metal  drew  fparks.  from  the  perfon  elec- 
trified, 
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another  improvement,  that  of  forming  what  is  called 
the  electric  battery,  by  increafing  the  number  of  phials^ 
by  which  means  the  force  is  proportionabiy  increafcd. 
By  thefe  means  the  eleiftrtc  fhock  was  tried  upon  the 
bnitt  creation,  and  proved  fatal  to  many  of  the  fmaller 
animals,  which  appeared  as  if  killed  by  lightning.  By 
riiefe  means  alfo  the  ele(?lric  matter  was  conveyed  to 
great  diftances  j  by  the  French  philofophers,  for  near 
three  miles  j  and  by  Dr.  Watlon,  and  fome  other 
members  of  the  Royal  Society,  it  was  conveyed,  by 
awire,  over  the  river  Thames,  and  back  again  through 
the  river,  and  fpirlts  were  kindled  by  the  eleftrlc  fire 
which  had  paffed  through  the  river.  In  another  expe- 
riment by  the  fame  gentleman,  it  was  found  that  the 
eleftric  matter  made  a  circuit  of  about  four  miles 
almoft  inftantaneoully. 

The  next  difcovery  refpcfts  ^the  nature,  or  rather 
the  origin,  of  the  eleftric  matter.  Dr.  Watfon  was 
firft  induced  to  fufpeft  that  the  glafs  tubes  and  globes 
did  not  contain  the  eleftric  power  in  thcmfclves,  by 
obferving,  that  upon  rubbing  the  glafs  tube  while  he 
was  (landing  on  cakes  of  wax  (in  order  to  prevent,  as 
hcexpcfted,  any  of  the  eleftric  matter  from  difcharg- 
ing  itfelf  through  his  body  on  the  floor)  the  power 
was  ft)  much  Icfiened  thai  no  fnipping  could  be  ob- 
ferved  upon  another  perfon's  touching  any  part  of  his 
body  i  but  that  if  a  perfon  not  tieftrified  held  his  hand 
near  the  tube  wiiile  it  was  rubbcJ,  the  fnapping  was 
very  fenfible.  The  event  was  the  fame  when  the 
globe  was  whirled  in  fimilar  circumftances ;  for  if  the 
man  who  turned  the  wheel,.and  who,  tngeihtr  with 
die  machine,  was  fufpcnded  upon  filk,  touched  the 
floor  with  one  foot,  the  fire  appeared  upon  the  con- 
duftor }  but  if  he  kept  himfelf  free  from  any  commu- 
nication with  the  floor,  no  fire  was  produced.    From 

thcfe 
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thcfc  and  odicr  decifivc  experiments  Dr.  Waribn  con- 
cludes, that  thefe  globes  and  tubes  are  no  more  than 
the  firft  movers  or  determiners  of  the  cleftric  power. 

M.  Du  Fay  had  made  a  di(Hn£bion  of  two  dif-- 
ferent  fpccies  of  eleftricity,  one  of  which  he  called  the 
vitreous,  and  "he  other  the  refimus  elctftricity ;  and  Ibon 
after  the  difcovery  of  the  Leyden  phial,  it  was  founds 
that  by  coating  the  outfide  of  the  phial  with  a  conduA^^ 
ing  fubftancc,  which  communicated  by  a  wire  with 
the  perfon  who  difcharged  the  phial,  the  ihock  was 
immenfely  increafcd  j  and  indeed  it  appeared,  that  the 
phial  could  not  be  charged  unlefs  fome  conducing 
fubft'ance  was  in  contaft  with  the  outfide.   Dr.  Frank- 
lin, however,  was  the  firft  who  explained  thefe  pheno- 
mena.    He  fhewed   that  the  furplus   of  eleftritity, 
which  was  received  by  one  of  the  coated  furfaces  of 
the  phial,  was  aftually  taken  from  the  other  i  and  that 
one  was  pofleffed  of  left  than  its  natural  (hare  of  the 
eleftric  matter,  while  the  other  had  a  fuperabundance. 
Thefe  two  different  ftates  of  bodies,  with  refpeft  to 
their  portion  of  eleftricity,  he  diftinguifhed  by   the 
terms  plus  or  pofitive,  and  minus  or  negative ;  and  it 
was  inferred  from  the  appearances,  that  bodies  which 
exhibited  what  M.  Du  Fay  called  the  refinous  cle(5bri- 
city,  were  in  the  ftate  of  mnusy  that  is,  in  the  ftate  of 
attrafting  the  cleftic  matter  from  other  bodies,  while 
tliofe  which  were  pofTefled'  of  the  vitreous  eleftricity 
were  bodies  eleftrified  p!usj  or  in  a  ftate  capable  of 
irnparring  elcftricity  to  other  bodies*    By  this  difco- 
very Dr.  Franklin  was  enabled  to  increafe  the  eleftric 
power  almoft  at  pleafure,  namely,  by  connecting  the 
outfide  of  one  phial  with  the  infide  of  another,  in  fuch 
a  manner  that  the  fluid  which  was  drjven  out  of  the 
firft  would  be  received  by  the  fecond,  and  what  was 
driven  out  of  the  fecond  would  be  received  by  the 

thirds 
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third,  &c.  and  this  conftlcutts  what  we  now  call  an 
cleftrical  battery. 

But  the  moil  aftontihing  difcovery  which  Frankjin* 
or  I  might  fay  apy  other  perfon,  ever  made  in  this 
branch  of  fcieace,  was  the  demonOiration  of  whac  had 
been  flightly  fufpefted  by  others,  the  perfedt  fimilarity, 
or  rather  identity,  of  lightning  and  eleftricity.  The 
Doftor  was  led  to  this  difcovery  by  compating  the 
,-  c6^ed£  of  lightning  with  thofe  of  cleftricity,  and  by  re- 
flc£ling,  that  if  two  gun- barrels  eleftrified  will  ftrike  at 
two  inches,  and  make  a  loud  report,  what  mull  be 
the  effect  of  ten  thoufand  acres  of  cleftrified  cloud. 
Not  fatisfied,  however,  wiih  fpeculation,  he  conftruded 
a  kite  with  a  pointed  wire  fixed  upon  it,  which,  during 
a  thunder  florm>  he  contrived  to  fend  up  into  an 
elcftrical  cloud.  The  wire  in  the  kite  attracted  the 
lightning  from  the  cloud,  and  it  defcended  along  the 
hempen  firing,  and  was  received  by  a  key  tied  to-  the 
extremity  of  it,  that  part  of  the  ftring  which  he  held 
in  bis  hand  being  of  filk,  that  the  eleftric  virtue  might 
Hop  when  it  came  to  the  key.  At  this  key  he  charged 
phials,  and  from  the  Kre  thus  obtained  he  kindled 
Ipirits,  and  performed  all  the  common  tleiftrical  ex- 
periments. 

Dr.  Franklin,  after  this  difcovery,  conftruded  an 
infulati-d  rod  to  draw  the  lightning  fiom  the  atmo- 
*fphcre  into  his  houft,  in  order  to  enable  him  to  make 
experiments  upon  it ;  he  alfo  conneded  with  it  two 
bells,  which  gave  him  notice  by  their  ringing  when 
his  rod  was  cledrificd.  This  was  the  origin  of  the 
metallic  condudors  now  in  general  uie. 

It  was  afterwards  difcovcrcd  by  Mr.  Ginton,  that 
the  pofitive  and  negative  eledricity,  which  were  fup- 
PoCkI  to  depend  upon  the  nature  of  the  excited  body, 
and  therefore  had  obtained  die  names  of  refmous  and 
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vitreous,  depended  chiefly  upon  the  nature  of  the  fur- 
hct ;  for  that  a  glafs  tube,  when  the  poliihed  furface 
wa^  deftroyed,  exhibited  proofs  of  negative  elcftricitjr 
,as  much  as  fulphur  or  fealing  wax,  and  drew  iparks 
from  the  knuckle  when  applied  to  it,  inftead  of  giving 
fire  fh>m  its  own  body  $  when  the  tube  was  greaiedy 
and  a  rubber  with  a  rough  fur&ce  was  applied  to  it, 
its  pofitive  power  was  reftored,  and  the  contrary,  when 
the  rubber  became  fmooth  by  friction. 

At  this  period  it  may  not  be  improper  to  dofe  my 
fketch  of  the  difcovcries  rdadng  to  ele£bricity ;  fince 
the  fole  objedt  of  the&  narratives,  in  this  work«  is  to 
condudfc  the  reader  to  a  more  ready  apprehenlion  of 
the  fcience,  it  would  be  ufelefs  to  lead  him  into  the 
minutiae  of  it  before  he  was  made  properly  acquainted 
with  the  general  principles* 
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GENERAL  PRINCIPLES  OF  ELlfiCTRICtTY. 

Jinalogy  kt*weeB  Calorie,  or  Fire,  andthi  eliSrieed  Flmd,<'^ll?i  Argu* 
meats  on  the  eonirary  Side.^^ConjeSures  eonceming  the  Nature  of 
ihii  Fluidj^-Means  of  producing  eleSrical  FhemmintU'^onduBon 
emd  Non^eonduSorsj-^St/humntts  empUyed  in  EUOrieity. 

FR  O  M  the  brief  account,  which  has  been  given^  iii 
the  preceding  chapter,  of  difcoveries  relative  to 
this  branch  of  fcience,  the  reader  will  be  in  a  confi- 
derable  degree  prepared  to  infer,  that  elcftricity  is  the 
adion  of  a  body  put  in  a  ftate  to  attraft  or  repel  light 
bodies  placed  at  a  certain  diflance;  to  give  a  flight 
fenfation  to  the  fkin,  refembling  in  fome  meafure  that 
which  we  experience  in  meeting  with  a  cobweb  in  the 
air ;  to  ipread  an  odour  like  the  phoiphorus  of  Kun« 
kell ;  to  dart  pencils  of  light  from  the  furface,  attend* 
ed  with  a  fnapping  noife,  on  the  approach  of  certala 
fubftances ;  laftly,  that  the  body  put  in  this  (late  is  ^- 
pable  of  communicating  to  other  bodies  the  power  of 
producing  the  fame  effefts  during  a  certain  time. 

The  ele&ric  power  is  indubitably  the  effedt  of  fome 
matter  put  in  motion,  either  within  or  round  the  elec- 
trified body,  fince  if  we  place  either  our  hands  or  face 
before  an  excited  tube  of  gla(s,  or  before  an  infulated 
conduftor  which  is  eleftrified,  we  Ihall  perceive  ema- 
nations fenfible  to  the  touch,  and  if  we  approach 
nearer,  we  (hall  feel  it  diftinftly,  and  hear  a  weak  noife; 
in  the  dark  we  perceive  fparks  of  vivid  light,  efpecially 
from  angular  points  \  we  fee  emitted  pencils  of  rays, 
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or  fmall  flaflics  of  divergent  flame ;  it  is  certain,  therc- 
'  fore,  that  fome  fubtile  matter  put  in  motion  is  alone 
capable  of  making  thefe  impreflions  upon  our  fenies ; 
and  we  may  conclude,  that  every  eleftrificd  body  is 
encompafled  by  fome  matter  in  motion,  which  is,  with- 
out doubt,  the  immediate  caufe  of  all  the  eleftrical 
phenomena,  and  which  we  term  the  ele£bric  matter  or 
fluid. 

Thus  ^,  and  no  farther,  are  we  warranted  in  af- 
firming, on  the  only  evidence  to  be  admitted  in  philo- 
fophy,  that  of  experiment,  fiift,  and  obfervation.  There 
is,  however,  in  man,  a  curiofity  that  prompts  us  to 
look  beyond  effefts,  and  a  difpofition  that  leads  ns  to 
theorize,  even  on  the  moft  diflficult  fubjefts.  Let  us^ 
however,  do  it  with  diffidence  and  caution.  What 
then  is  this  eleAric  ma^er  ?  or  whence  does  it  derive 
Its  origin  ?  It  apparendy  proceeds  nojt  from  the  dec^ 
triflpd  body,  for  that  fufFers  no  fenfible  diminution*  It 
depends  not  on  any  property  inherent  m  the  air  of  the 
atmofphere,  for  three  obvious  reafons ;  firft,  becaule 
-  eleftrical  phenomena  may  be  produced  in  a  (pace 
from  which  the  air  has  been  moft  carefully  exhaufted* 
Secondly,  Becaufe  the  eleftrical  matter  has  qualities 
•which  are  not  inherent  in  airj  it  penetrates  certain  bo- 
dies impervious  to  air,  fuch  as  metals ;  it  has  a  len» 
fible  odour ;  it  appears  itfelf  inflamed  j  it  is  capable  of 
inflaming  other  bodies,  and  of  melting  metals ;  eflfcfts 
which  air  cannot  produce.  Thirxily,  It  tranfmits  its 
motions  with  confiderably  more  rapidity  than  that  of 
found,  which  is  a  motion  of  the  air  the  moft  rapid  that 
we  are  acquainted  with. 

It  is  generally  agreed,  that  the  eleftric  matter  has 
a  ftrong  analogy  with  the  matter  of  heat  and  light.  It 
appears  indeed,  that  nature,  who  is  fo  very  ceconomi- 
(;al  in  the  production  of  principles,  whilft^ihe  multiplies 

their 
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their  properties  fo  liberallyi  has  in  no  cafe  eftablifhed 
two  cau(es  for  one  effibft.  We  may  apply  this  remark 
to  die  elcftric  matter  j  and  the  more  we  inquire  into- 
the  properties  of  the  eieftric  matter,  and  thofe  of  the 
matter  of  heat  and  light,  the  more  (hall  we  difcover  of 
this  analogy  between  them,  and  the  more  probable  will 
it  appe;^,  that  fire,  light,  and  electricity  depend  upon 
the  fame  principle,  and  that  they  are  only  three  dif. 
ferent  efifeds  from  the  fame  matter  or  eflence. 

i(L  Of  all  the  means  neceflary  to  excite  the  matteit 
of  heat,  there  is  none  more  efficacious  than  that  which 
is  mbft  neceflary  to  produce  eledtricity,  namely,  fric* 
tion.  adly.  As  fire,  or  caloric,  extends  itfelf  with 
more  facility  in  metals  and  humid  bodies  than  in  any 
other  ipecies  of  bodies,  fo  metajs  and  water  are  con? 
duftors  of  elcdtricity  in  the  fame  manner  as  they  arc 
of  heat,  and,  in  general,  the  fame  conductors  are  found 
equally  good  for  both.  jdly.  Fire,  or  caloric,  is  the 
moft  elaflic  of  all  bodies,  and  is  confidered  by  mod 
philofbphers  as  the  principal  caufe  of  that  repulfion 
which  takes  place  between  the  particles  of  bodies,  of 
which  the  (trongeft  inftance  has  already  been  given  in 
explaining  the  caufe  of  fluidity ;  and  to  a  limilar  caufe 
the  eleftric  repulfion  may  be  referred.  4thly.  The 
pulfe  and  perfpiration  of  animals  are  increafed  by  elec- 
tricity as  by  the  adtual  application  of  heat,  and  the 
growth  of  vegetables  is  promoted  by  it  ♦.  fthly.  Ac- 
tual ignition  is  produced  by  the  eledlric  fluid ;  thus  it 
is  a  common  experiment  to  fire  fpirit  of  wine  by  the 
cleftric  fpark;  in8ammable  air  is  let  on  fire  by  the 
lame  means  in  the  common  eleftrical  piftol .;  and  even 
gunpowder  may  be  exploded  by  a  fpark  from  a  power- 
ful conduftor.     6thly.  Metals  are  melted  by  elcftri- 

♦  Count  Rumford's  experiments,  Phil.  Tranf,  vol.  Ixxvi. 
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cUyj  and  moft  infUmmable  fubftances  are  zSc&cd  by  ic 
as  by  common  fire,  but  in  a  weaker  degree  *.  7thly. 
The  light  emitted  by  the  eleftrical  apparatus  has  all 
the  properties  of  that  which  is  emitted  from  the  fun, 
the  compofition  differing  in  fome  refpefts,  according 
CO  circumftances,  as  to  the  predominancy  of  certain 
rays,  the  light  in  different  inftances  inclining  to  blue, 
red,  white,  &c.  according  to  its  intenfity.  8thly.  The 
motion  of  light  is  exceedingly  rapid,  whether  it  is  re- 
ceded or  rcfnidcd  j  in  the  fame  manner  the  eleftric 
fluid  IS  found  to  move  with  ahnoft  infinite  velocityi  for 
it  has  been  proved  by  experiments,  that  a  cord  twelve 
hundred  feet  long  has  become  inftantly  clec&ic  in  its 
whole  extent  f.  The  Abbe  NoUet  has  communicated 
the  eleftric  fhock  to  two  hundred  perfons  at  the  iame 
time,  or  at  the  lead  perceptible  inilant. 

Notwithftanding  thefe  confiderations,  it  muft  be 
tponfeffed  that  there  are  fome  fadts  which  feerti  to  indi- 
cate that  the  eledric  fluid  is  not  purely  and  fimply  the 
matter  of  heat  or  light  unmixed  with  other  fubftances; 
for  ift,  Wfi  have  obferved,  that  the  cleftric  matter  has 
the  propert)'  of  affefting  the  organs  of  fcent,  which 
belongs  neither  to  light  nor  heat. 

adly.  It  is  well  known  alfo,  that  an  accumulation  of 
the  matter  of  fire  or  heat  increafcs  the  fluidity  of  all 

*  Mr.  Kinnerfley  made  a  large  cafe  of  bottles  explode  at  once 
through  a  fine  iron  wire ;  the  wire  at  firfl  appeared  red  hot,  and 
then  ftll  inio  dropsj  which  burned  themfelves  into  the  table  and 
floor,  and  cooled  in  a  fpherical  form  like  fmall  (hoL  Artificial 
lightning,  from  a  cafe  of  aboi^t  thirty-five  bottles,  will  entirely  de- 
ftroy  brafs  wire  of  one  part  in  threp  hundred  and  thirty  of  an  inch. 
Metals  may  alfo  be  revived  by  the  electric  (hock;  and  Sig*  Bee- 
caria  melted  borax  and  glafs  by  it.  Prieftley^s  Hift.  Eled.  vi.  341 
r— 343.  Seeds  of  clubmofs  (lycopodium)  were  fired  by  it;  alfo 
aurum  fulminans,  ib.  343. 

t  Memoircft  dc  I'Agad.  dea  ScL  1733,  p.  247. 
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bodies^  and  prevents  diem  from  congealing^  whereas 
congealed  fluids  may  be  highly  charged  with  eleftri-* 
city  I  nor  does  it  appear  to  have  the  fmallef);  eflfed  in 
increafing  their  fluidity. 

3dly.  Heat  fpreads  in  every  dire£tion^  whereas  the 
deftrical  fluid  may  be  arrefted  in  its  progrefs  by  cer- 
tsdn  bodies^  which^  on  that  account^  have  obtained  the 
name  of  non-condudors.  The  Torricellian  vacuum^ 
on  the  contrary^  affords  a  ready  paflage  to  the  eledhic 
fiuidj  but  is  a  bad  conductor  of  heat  *• 

4thly.  Whenever  the  matter  of  heat  penetrates  bo- 

diesj  it  warms  as  well  as  expands  them.     The  eleftric 

« fluid  does  not  produce  thefe  effedts  i  bodies^  however 

long  they  may  be  eledrified,  become  neither  hotter  to 

the  touchj  nor  more  extended  in  dimenfions. 

5thly.  The  fingular  property  of  adhering  to  certdn 
condudorsj  without  diffufing  itfelf  to  others,  which 
m^y  be  even  in  contaft  with  them,  fo  obfervablc  in  the 
eie£fcrical  fluid,  is  a  propertv  not  common  to  caloric, 
or  elementary  fire.  Thus  we  have  fcen  that  fpirits  were 
fired  by  an  eleftric  fpark  drawn  by  a  wire  through  the 
water  of  the  Thames,  and  large  pieces  of  iron  wire 
have  been  heated  red  hot,  while  immerfcd  in  water,  by 
an  eledtrical  explofion  f . 

6thly.  With  refpeft  to  the  identity  of  light  and 
cleftricity,  it  fhould  alfo  be  recoUcfted,  that  light  per- 
vades glafs  with  the  greateft  facility,  whereas  that  fub- 
ftance  is  penetrated  by  the  eleftrical  fluid  only  in  cer- 
tain circumftances,  and  with  th^  ptmofl  difficulty;  if^ 
therefore,  it  fhould  be  admitted  that  the  bafis  of  the 
eleftric  matter  is  radically  the  fame  with  the  matter 
of  heat  or  light,  it  mufl  alfo  be  admitted,  that  it  re- 

*  Count  Rumfori's  experiments  above  quoted, 
t  Ibid. 
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tains  fome  other  matter  in  combination  with  it,  of  the ' 
nature  of  which  we  are  as  yet  uninformed ;  and  it  is 
,  probably  this  combination  of  foreign  matter  which 
difables  it,  in  ordinary  cafes,  from  penetrating,  glafs. 
Let  it,  however,  be  carefully  remembered,  that  this  is 
Ipeculation  and  conje6hire,  and  that  we  at  prcfent  know 
nothing  of  a  certainty  concerning  the  ele£hical  Quid, 
but  fome  of  its  efFefts. 

Eleftrical  phenomena  are  produced  by  friftion,  and 
by  communication.  In  general,  bodies  which  cledlrify 
the  beft  by  friftion,  eleftrify  the  worft  by  communi- 
cation (except  glafs  in  certain  circumftances)  and  on 
the  contrary,  fubftances  which  ele^rify  the  beft  hj 
communication  cleftrify  the  worft  by  friftion.  I  (hall 
begin  with  thofe  experiments  which  gave  rife  to  the 
principal  technical  terms  made  ufe  of  in  this  fciencc. 

If  a  dry  glafs  tube  is  rubbed  with  a  piece  of  dry 
-  filk,  and  if  light  bodies,  as  feathers,  pith  balls,  &c.  are 
prefented  to  it,  they  will  be  firft  attrafted,  and- then  re- 
pelled. The  beft  rubber  for  a  fmooth  glafs  tube  is  a 
piece  of  black  or  oiled  filk,  on  which  a  little  amalgam 
has  been  Ipread;  fealing  wax,  rubbed  with  new  and 
foft  flannel,  will  produce  the  fame  effeft.  By  this  fric-» 
tion  an  agent  or  power  is  put  in  aftion,  and  this  power 
is  called  the  eleftrical  fluid;  a  certain  quantity  of  this 
fluid  is  fuppofed  to  exift  latent  in  all  bodies,  in  which 
ftate  it  makes  ho  impreflion  on  our  fenfes,  but  when 
by  til:-  powers  of  nature  or  of  art,  this  equilibrium  is 
dcftroycd,  and  the  agency  of  the  fluid  is  rendered  per- 
ceptible to  the  fenfes,  then  thofe  effefts  are  produced 
which  are  teimed  cleftrical,  and  the  body  is  faid  to  be 
eleftrificd. 

If  a  homogeneous  body  is  prefented  to  the  excited 

tube,  fo  as  to  receive  eleftricity  from  it,  and  the  elec- 

#  tricity 


Chap.  2.  ]       CmiuSinrs  and  Non-  con^u^ors.  313 

tricity  remains  at  or  near  the  end  or  part  prefentcd, 
without  being  communicated  to  the  reft  of  the  body, 
it  is  called  a  non-conduftor  or  eledtric ;  but  if,  on  the 
contrary,  the  eleftricity  is  communicated  to  every 
part,  the  body  is  called  a  condudor,  or  non-eleftric. 
A  body  is  faid  to  be  infulated  when  it  communicates 
witlT  nothing  but  eleftrics, 

A.Gonduftor  cannot  be  eleftrificd  while  it  commu- 
nicates with  the  earth,  cither  by  dired  contaft  or  by 
the  interpofition  of  other  condudors,  becaufe  the  elec-r 
tricity  is  immediately  conveyed  away  to  the  earth. 

A  mutual  attraftion  is  exerted- between  a  body  in  a 
ftate  of  feleftrlcity  and  all  non-ele&ric  bodies,  which, 
if  not  large  and  heavy,  will  pafs  rapidly  through  the 
air  to  the  eleftrified  body,  where  they  remain  till  they 
have,  by  communication,  acquired  the  fame  ftate, 
when  they  will  be  repelled.  If  an  uninfulated  con? 
duftor  is  at  hand,  it  will  attraft  the  fmall  body  when 
eleftrified,  and  deprive  it  of  its  eleftricity,  fo  that  it 
will  be  again  attrafted  by  the  eleftrified  body,  and  re- 
pelled as  before,  and  will  continue  to  pafs  and  repafs 
between  the  two,  till  the  eleftric  ftate  is  entirely  de- 
ftroyed. 

The  following  fubftances  are  reckoned  among  the 
principal  conduftors  of  the  eleftric  fluid : 

Stony  fubftances  in  general, 

Lime-ftone,  marbles. 

Oil  of  vitriol, 

AUum, 

Black  ^pyrites. 

Black  lead  in  a  pencil. 

Charcoal, 

All  kinds  of  metals  and  ores. 

The  fluids  of  animal  bodies. 

All  fluids;  except  air  and  oils* 

Eleftric 
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Electric  bodies,  or  thofc  fuWUnccs  which  emit  this 
fluid,  are  the  following: 

Amber,  iec,  fulphiifj 

Glal's,  and  ail  precious  floncs. 

All  lefmoiis  compyunds. 

All  dry  animal  fubftanccs,  as  filk,  hair,  wool, 
paper.  Sec.  ■ 
M.  Aclurd,  of  Berlin,  has  proved  by  experimcut, 
that  certain  circumftanccs  will  caufe  a  body  to  conduA 
ticftricity,  which  before  was  a  non-condu£tor.  The 
principal  of  chcfe  circumflances  arc  the  degrees  of 
heat  to  which  the  body  is  fubjefted.  This  gcndennan 
agrees  in  opinion  witii  M.  Euler,  that  the  principal  dif- 
ference between  conduiilors  and  non-condu£tors  con- 
fiils  in  the  fize  of  the  pores  of  the  conftjiuent  parts  of 
tlic  body. 

Ic  mud  be  obrcrved,  that  elcitrics  and  non-eleflrics 
are  not  fo  ftrongiy  marked  by  nature  as  to  be  deBncd 
wiih  '■■recifion  ;  for  the  fame  fubftance  has  been  diffc- 
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turn  round  J  thirdly,  metallic  condu(5tors,  or  fubftanccs 
charged  with  humidity;  fourthly,  eieiftric  botdes, 
commonly  called  Lcydcn  phiab ;  fifthly,  cledric  bat- 
teries. 

The  firft  eleftrical  machine  made  ufe  of  was  a  tube 
of  glafe,  which,  being  eleftrified  by  friftion,  was  then 
put  in  a  ftate  to  communicate  electricity  to  other  bo- 
dies. The  beft  glafs  for  this  purpofe  is  the  fine  white 
Englifh  cryftal.  The  moft  convenient  dimenfions  for 
thefe  tubes  are  about  three  feet  of  length,  twelve  or 
fifteen  lines  of  diameter,  and  qliite  a  line  of  thicknefs. 
It  is  of  little  importance  whether  the  tube  is  open  ot 
clofed  at  the  extremities  j  yet  it  is  neccffary  that  the 
ta.T  within  fhould  be  in  the  fame  ftate  as  that  without ; 
for  this  reafon  the  tube  fhould  at  leaft  be  open  at  one 
end ;  but  care  muft  be  talcen  left  dirt  fhould  be  ad- 
mitted into  the  infide,  for  that  would  confiderably  im- 
pede its  efJefts.  If,  notwithftanding  thefe  precau- 
tions, the  tube  receives  either  dirt  or  moifture,  fome 
dry  and  fine  fand  fliould  be  introduced  into  the  infide, 
ami  it  fhould  be  afterwards  cleaned  out  with  fine  dry 
cotton. 

When  it  is  intended  to  eleftrify  a  tube,  it  is  only 
neccfTary  to  take  the  end  in  one  hand,  and  to  continue 
to  rub  the  tube  with  the  other  hand  from  one  end  to 
the  other  until  it  afFords  marks  of  its  being  fufficiently 
chaiged  with  the  electric  fluid.  This  friftion  may  be 
performed  with  the  naked  hand  when  it  is  dry  and 
clean,  otherwirc  wich  a  piece  of  brown  paper,  or  wax- 
ed tafieta.  When  the  tube  has  been  rubbed  in  this 
manner,  the  circumambient  air  being  dry,  if  light  fub- 
flances  are  prcfentcd  to  it,  they  will  be  firft  attrafted 
towards  it  and  immediately  afterwards  repelled. 

The  eleflric  fluid  may  be  excited  in  nearly  a  fimi- 

lar 
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lar  manner,  by  rubbing  a  ftick  of  fulphur  or  fcaling 
wax. 

Thcfe  tubes  being  but  fmall,  the  eleftric  fluid  pro- 
duced by  thefc  means  is  but  feeble  in  its  efFefts.  We 
have  fcen  that  a  method  was  contrived  to  turn  a  globe . 
of  glafs  upon  its  axis,  by  means  of  a  machine  with  a 
winch  or  multiplying  wheel ;  this  method  admitted  of 
a  larger  furfacc,  and  the  fridion  was  performed  with 
greater  eafe,  by  means  of  a  rubber  being  placed  clofe 
to  the  revolving  globe. 

To  conftrudt  a  machine  fufiiciently  large  for  all  the 
purpofcs  of  cleft rical  exp^rinients,  M.  BriflTon  direfts 
that  die  wheel  RO  (fee  Plate  XXVI.  Fig.  i.)  (hould 
be  at  lead  four  feet  in  diameter,  and  be  turned  round 
in  a  ftrong  and  folid  frame  H  I C  D.  He  direfts  fur- 
ther, that  there  (hould  be  two  handles  M,  m^  fo  that 
two  men  may  be  employed  at  once  in  certain  cafe,  to 
give  a  fufficient  friftion  to  the  globe  to  augment  the 
effefts.  The  globe  S  ought  to  be  carried  round  be-* 
tween  two  fmall  pofts  N,  which  ought  to  b?^  fo  placed 
that  they  may  be  drawn  farther  from  or  nearer  to  the 
wheel,  in  order  to  admit  the  cord  to  be  moved  com- 
modioLifly  whenever  it  is  contrafted  or  extended.  It 
is  alfo  neccfiary  that  one  of  thtfe  fmall  pofts  fhould  be 
moveable,  that  it  may  be  placed  either  nearer  to  or 
farther  from  the  other,  fo  that  globes  of  different  dia- 
meters may  be  placed  in  the  machine;  the  cord  of  the 
wheel  R  O  fhould  communicate  immediately  with  the 
pulley  P  of  the  globe  S. 

When  this  machine  is  ufed  for  the  purpofes  of  clcc-r 
tricity,  the  globe  S  fhould'  be  turned  according  to  the 
order  of  the  cyphers  i  23,  and  its  equator  rubbed 
with  a  leathern  cufliion  fluffed  with  horfe  hair,  this 
may  alfo  be  done  by  the  hands  when  they  are  clean 

and 
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kr  nirnner,  by  rubbing  a  ftick  of  fuJphur  or  fealmg 

'i  iiti"  i.ib's  bcino;  but  fmall,  the  ele£tric  fluid  pro- 
diia.i  uy  t'lffc  means  is  but  feeble  in  ics  efFeiSs.  We 
h::vc  ,vc;i  'lIi:'.:  a  mtdiod  was  contrived  to  turn  a  globe, 
vi'  yl:A],  upon  its  uxis,  by  means  of  a  machine  with  a 
wincii  or  [iT.ikipiying  wheel;  this  method  admitted  of 
a  larger  fmfice,  and  the  friftion  was  performed  with 
gr?i'.tcr  cafe,  by  means  of  a  rubber  being  placed  clofc 
to  t'r.c  rcvLlviiig  globe. 

To  conibi.;i^t  a  machine  fufikienily  large  for  all  the 
puipofes  of  tlcftrical  experiments,  M.  Briflbn  direds 
tliai  the  wheel  RO  (fee  Plate  XXVI.  Fig.  i.)  ftiould 
be  at  kau"  four  feet  in  diameter,  and  be  turned  round 
in  a  Ilronj  imd  iblid  frame  H  I C  D.  He  direifls  fur- 
ther, tiiat  tii?r^  (lioiild  be  two  handles  M,  /»,  fo  that 
two  :iien  m.;y  be  employed  a.t  once  in  certain  cafts,  to 
J  a  fufficitnc  friclion  to  the  globe  to  augment  the 
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and  dry.  A  bar  of  iron  (AB,  Fig.  2.)  infulatcd  with 
the  cords  of  filk  j,  j,  is  placed  over  the  globe  S, 
this  bar  fcrves  as  a  conduftor  eo  the  eJcftric  fluid  *. 

A  macfunc  of  a  Ampler  conftruftion  has  been  in- 
vented in  this'  country,  and  is  reprefentcd  in  Plat* 
XXVII.  Fig.  I.  In  this  inftniment  a  circular  plate  of 
glafs  is  em^oycd  inftead  of  a  globe.  The  plate  P  p, 
is  bored  dirough  the  center,  and  mounted  on  an  axis, 
a  a,  of  copper  or  hard  wood,  to  which  is  fixed  the 
handle,  aB.  The  axis  is  fupported  by  two  vertical 
pofts  of  wood,  *»,  »,  to  which  arc  appended  four 
cufhions,  ii,  formed  according  to  the  preceding  di- 
reftions,  and  which  fcrve  by  their  friftion  to  excite 
the  plate.  ■  • 

Before  the  plate  a  metal  conduftor,  E  D,  is  placed 
horizontally,  having  two  arms  or  branches,  A  B,  alfo 
of  mecat,  each  terminating  in  a  fmall  globe  or  Itnob, 
which  may  be  brought  within  a  convenient  diftance 
.  of  the  plate  to  receive  the  electrical  fluid.  The  con- 
ductor itfclf  is  infulatcd  by  two  glafs  pillars,  F  G. 

The  advantages  of  this  machine  are,  that  it  may  be 
made  portable,  and  is  of  fo  finiple  a  conftruftion,  thit 
any  gentleman  in  the  country,  after  procuring  3.  plate 
of  a  reafonable  thicknefs  from  a  glafs  houfe,  may,  by 
the  aid  of  a  common  cabinet-maker,  conllriift  one 
for  his  own  ufe  ;  the  conduflor  may  be  cqii.illy  infu- 
latcd by  rofin,  wax,  filk,  or  any  other  cleftric  or  non- 
condtifting  fubfl:ance. 

This  machine  is,  however,  feeble  in  its  operations, 
compared  with  thofe  conftrui^ed  with  globes  or  cy- 
linders. The  moft  powerful,  and  yet  the  mofl:  Am- 
ple, of  thcfe  that  I  have  fcen,  are  thofe  defcribed  by 

*  BriiToii,  Traite  elemenUu-c  dc  Phyf.  torn.  lU.  p.  305. 
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my  late  valuable  friend^  Mr.  Adams^  in  his  treatife  of 
cleftricity. 

Fig.  I.  and  2jPlateXXVlIL  rcprefent  two elcftrical 
machines  of  the  moft  approved  confhxiftion  ^  the  only 
difference  between  them  is^  the  mechaoifin  by  which 
the  cylinder  is  put  in  motion. 

The  cylinder  of  the  machine^  Fig.  2.  is  turned  round 
by  two  wheels^  ab^  c  dy  which  ad  on  each  other  by  a 
ca^t  band,  part  of  which  is  feen  at  e  and/. 

The  cylinder  in  Fig.  i.  is  put  in  motion  by  a  fimple 
winchj  which  is  lefs  complicated  than  that  widi  a 
multiplying  wheel  (Fig.  2) :  as,  however,  both  ma- 
chines are  fb  nearly  fimilar,  the  fame  letters  of  refer- 
ence are  ufed  in  defcribing  them  both.  ABC  rcprc- 
fent  the  bottom  board  of  the  machine,  D  and  E  the 
two  perpendicular  fupports,  which  fuftain  the  glafs  cy- 
linder F  G  H  I.  The  axis  of  the  cap  K  pafles  through 
the  fupport  D  ;  on  the  extremity  of  this  axis  either  a 
limple  winch  is  fixed,  as  in  Fig.  i.  or  a  pulley,  as  in 
Fig.  2  ♦.  The  axis  of  the  other  cap  runs  in  a  fmall 
hole,  which  is  made  in  the  top  of  the  fupportcr  E. 

O  P  is  the  glafs  pillar  to  which  the  cufhion  is  fix- 
ed j  T  a  brafs  fcrew  at  the  bottom  of  this  pillar,  which 
is  to  regulate  the  preffure  of  the  cufhion  againft  the 
cylinder.  This  adjufting  fcrew  is  peculiarly  advan- 
tageous :  by  it  the  operator  is  enabled  to  lefTcn  or  in- 
creafe  gradually  the  preffure  of  the  cufhion,  which  it 
effefts  in  a  much  neater  manner  than  it  is  poffjble  to 
do  when  the  infulating  pillar  is  fixed  on  a  Aiding 
board. 

*  Mr.  Aditms,  in  his  Lc6lurcs  on  Nat.  Philofophy,  obfcn'CS# 
that  m.ichinei  turned  by  a  (imple  winch  are  lefs  liable  to  be  out 
of  order  than'thofe  which  are  turned  by  a  multiplying  wheel,  and 
may  alfo  be  excited  more  powerfully,  Adamses  Lt&*  vol.  »>'• 
p.  311, 

On 
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:  top'  of  the  pillar  O  P  is  a  conduftor,  which 
ifted  with  the  cufhiiin,  and  this  is  called  the 

conduftor.  In  both  figures  this  conduftot 
fed  to  be  fixed  clofe  to  the  cufhion,  and  to 
lei  to  the  glafs  cylinder.  In  Fig.  i.  it  is 
forwards,  or  placed  too  near  the  huidle,  in 
Lt  more  of  it  may  be  in  fight,  as  at  R  S ;  in 
le  end  R  S  only  is  feen. 
Fig.  I.  and  2.)  reprefents  the  poGtive  prime 
r,  or  that  which  takes  the  electric  fluid  im- 
r  from  the  cylinder,  L  M  the  glafs  pillar  l^ 
is  fupported  and  infulaKd,  and  V  X  a  wooden 
<afe  for  the  glafs  pillar.  In  Fig.  i.  this  con- 
i  placed  in  a  direflion  parallel  to  the  glals 

in  Fig.  1.  it  Hands  at  right  angles  to  the 

it  may  be  placed  in  either  pofition  ceca- 
ls is  moft  convenient  to  the  operator, 
us  to  relating  fcveral  circumAances,  by  which 
jantity  of  the  eleiftric  fluid  may  be  excited,  ic 
icceflary  to  premife,  that  the  rcfiftancc  of  the 

to  be  Icflened,  or  a  kind  of  vacuum  is  pro- 
here  the  cufliion  is  in  clofe  conra&  with  the 

and  that  the  eleiflric  matter,  agreeably  to 
bferved  by  all  other  claftic  fluids,  is  preflird 
hat  part  where  it  finds  leaft  refiftance  j  the 
int,  therefore,  that  the  cylinder  is  feparated . 

cufliion,  the  fire  iflues  forth  in  abundance, 
le  refiftance  made  to  it  by  the  aftion  of  the 
X  is  leflened  at  that  part :  the  effeft  which 
n  the  deftruftion  of  the  attraftion  or  cohe- 
cen  the  cylinder  and  the  ctifhion  is  a  further 
he  truth  of  this  hypothcfis.  The  more  per- 
rontinuity  is  made,  and  the  quicker  the  folu-> 
,  the  greater  is  the  quantity  which  will  pro- 
I  die  cufliion. 

To 
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To  excite,  therefore,  an  eleftrical  machine  effec- 
tually, we  muft  firft  find  out  thofc  parts  of  the  cufhion 
which  are  preflcd  by  the  glafs  cylinder,  then  the  amal- 
gam muft  be  applied  to  thofe  parts  only.  The  line  of 
contaft  between  die  cylinder  and  cuftiion  muft  be 
made  as  perfeft  as  poflible,  and  the  fire  which  is  col- 
lefted  muft  be  prevented  from  efcaping.  The  breadth 
of  the  cufliion  fhould  not  be  great,  and  it  (hould  be 
placed  in  fuch  a  manner  tliat  it  may  be  eaftly  railed  or 
lowered. 

In  order  to  find  the  line  of  contadb  between  the  cy- 
linder and  cufhion,  place  a  line  of  whiting,  which  hai 
been  diffolved  in  fpirits  of  wine,  on  the  cylindcf  j  oa 
turning  this  round,  the  whiting  is  depofited  on  the 
cufhion,  and  marks  thofe  parts  of  it  which  bear 
or  rub  againft  the  cylinder.  The  amalgam  is  to  be 
put  on  thofe  parts  only  which  are  thus  marked  by  the 
whiting. 

Whenever  the  eleftricity  of  the  cylinder  grows  le(s  ' 
powerful,  it  is  eafily  renewed  by  turning  back  the  filk 
which  lies  over  it,  and  then  rubbing  the  cylinder  with 
the  aoialgamatcd  leather,  or  by  altering  the  prefTurc 
of  the  adjufting  fcrew. 

A  fmall  quantity  of  tallow  placed  over  the  amal- 
gam is  obferved  to  give  more  force  to  the  cleftric 
powers  of  the  cylinder  ;  or  the  fame  end  may  be 
efFcfted  by  rubbing  the  cylinder  with  a  coarfe  cloth, 
which  has  been,  a  little  grcafed,  and  afterwards  wip- 
ing the  faine  v/ich  a  clean  cloth. 

As  air  not  only  rcfifts  the  emifTion  of  the  clcdric 
fluid,  but  alfo  difTipatcs  what  is  collcfted,  on  account 
of  the  conduding  fubftances  which  are  floating  in  iti 
a  piece  of  black  or  oiled  filk  fiiould  be  placed  from 
the  line  of  contacl  to  the  coUefting  points  of  the  prime 

condufiofi 
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fconduftor,  and  thefe  points  fhould  be  placed  within  its 
atmoiphere. 

Sometimes  the  filk  will  adhere  fo  ftrongly  to  the 
tylinder,  when  zinc  amalgam  is  ufed,  as  to  render  it 
Very  difficult  to  turn ;  this  may  be  qbviated  by  rub- 
bing a  fmall  quantity  of  aurum  muHvum^  or  a  little 
whiting,  over  the  (ilk,  whch  it  is  wiped  clean  *. 

There  are  now  in  ufe  two  kinds  of  amalgam  :  Ons 
.  is  made  of  quickfilver  five  pirts,  zinc  one  part,  which 
arc  melted  together  with  a  fmall  quantity  of  bee^s- 
wax;  the  other  is  the  aurum  mufivum  of  the  fhops. 
Before  either  of  thefe  will  adhere  clofely  to  the  filk  it 
is  neceffary  to  greafe  it,  to  wipe  off  the  fuperfluous 
greafe^  and  then  Ipread  th«  amalgam. 

One  property  of  the  eledtric  fluid  it  will  be  neceffary 

*  The  following  dircdlions  of  Mr.  Adams,  relative  to  exciting 
the  machine,  will  be  ufeful  to  the  experi mental ifl : 

'  To  excite  your  machine,  clean  the  cylinder,  and  wipe  the 
fiUc. 

*  Greafe  the  cylinder  by  turning  it  againft  a  greafy  leather,  till 
it  18  uniformly  obfcured.    The  tallow  of  a  candle  may  be  ufed. 

*  Tarn  the  cylinder  till  the  filk  flap  has  wiped  off  fo  much  of 
the  greafe,  as  to  render  it  femi-tranfparent. 

*  Put  feme  amalgam  on  a  piece  of  leather,  and  fpread  it  well, 
§0  that  it  may  be  uniformly  bright;  apply  this  againft  the  turning 
cylinder,  the  friction  will  immediately  increafe,  and  the  leather 
mail  not  be  removed  until  it  ceafes  to  become  greater. 

*  Remove  the  leather,  and  the  aiflion  of  the  machine  will  be 
very  ftrong. 

*  The  preflure  of  the  cufhion  cannot  be  too  fmall,  when  the  ex- 
citation is  properly  made. 

«  The  amalgam  is  that  of  Dr.  Higgins,  composed  of  zinc  and 
mercury ;  if  a  little  mercury  be  added  to  melted  zinc,  it  renders  it 
«afi!y  pulvcrable,  and  more  mercury  may  be  added  to  the  powder, 
to  make  a  very  foft  amalgam.  It  is  apt  to  cryftallizc  by  repofe, 
which  fcems'  in  foroe  meafure  to  be  prevented  by  triturating  it 
with  a  fmall  proportion  of  greafe  :  and  it  is  always  of  advantage 
to  triturate  it  before  ufing.' 

Vol.  L  Y  to 
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to  notice  before  the  conclufion  of  this  bFanch  of  the 
fubjefl,  and  that  is,  that  it  is  more  forcibly  attraded 
by  points  than  by  balls  or  any  blunt  or  rounded  fur- 
faces.    This  may  be  demonftrated  by  a  variety  of  cafy 
experiments,  and  may  be  feen  by  prefentiiig  a  xnetal 
ball  at  a  given  diflance  to  a  conduftor  in  the  aft  of 
being  charged,  when  it  will  be  found  that  a  metal 
point  prefented  at  a  much  greater  Pittance  will  draw 
off  the  whole  of  the  elcftrical  matter  from  the  con- 
du<5tor.     In  the  one  cafe  alfo  (the  point)  the  eleftri- 
city  goes  off  invifibly,  and  without  noife  j  in  the  other 
cafe  there  is  both  a  flalh  and'  a  report. 

With  refpeft  to  the  modes  employed  by  elcftricians 
for  the  accumulation  of  the  fluid,  it  will  be  neceflary 
to  confider  them  in  a  diftinft  chapter ;  but  previous 
to  this  a  few  particulars  muft  be  ftated  relative  to 
wnat  is  termed  pofitive  and  negative  eleftricity. 
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Chap.    III. 

OF  THE  VITREOUS    AND   RESINOUS,  OR 
.  POSITIVE    AND    NEGATIVE    ELECTRI- 
CITY. 

DtftinSioH  in  tbi  attraSii*ve  Powers  of  certain  Ele^rics.'^-^Tbefi 
Effe3t  found  to  depend  not  on  the  Nature  of  the  Suhftance,  but  the 
'Rougbneft  or  Smootbmfs  of  the  Surface »^^Theory  of  Tivo  diftinS 
Fluidsn-^Franklin^s  Theory  .^^Difficulties  xutending  it, 

I 

IN  a  very  early  ftage  of  the  fcicnce,  we  have  fcen, 
that  a  diftinftion  was  obfervedwith  rcfpeft  to  the 
attradive  and  repulfive  powers  of  certain  eleftric  bo- 
dies.  Thus  if  we  eledrify  with  the  fame  fubftance, 
for  inftance,  either  with  excited  glafs  or  with  fealing 
wax,  two  cork  balls  in  an  infulated  ftate,  that  is,  fuf- 
pcnded  by  filk  lines  about  fix  inches  long,  the  balls 
will  feparate  and  repel  each  other  j  but  if  we  eleftrify 
one  of  the  balls  with  glafs,  and  the  other  with  fealing 
wax,  they  will  be  mutually  attrafted.  This  circum- 
ftance  gave  rife  to  the  opinion,  that  two  different  fpe- 
cies  of  elcdtricity  exifted,  and  the  one  was  termed  the 
vitreous  eleftricity,  or  that  produced  from  glafs ;  and 
the  other,  which  was  produced  from  fealing  wax,  re- 
finous  fubftances,  and  fulphur,  was  termed  the  refinous 
eleftricity. 

Subfequent  experiments  ferved  to  fhew,  that  in  the 
common  clcftrical  machine,  the  rubber  exhibited  the 
appearances  of  the  refinous  elcdricity,  and  the  cylin- 
der that  of  the  vitrepus,  while  the.  former  was  con- 
nefted.with  the  earth!  A  divergent  cone  or  brufti  of 
clcdrical  light  was  obferved  to  be  the  obvious  ma^-k 

Y  a  of 
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has  ftill  its  fupporters  j  amongft  the  ableft  of  its  de- 
fenders was  my  lace  friend  Mr,  Adams,  who,  it  muft 
be  confefled,  upon  this  theory,  has  ingcnioufiy  ac- 
counted for  the  mofl  remarkable  electrical  pheno- 
mena *. 

The  theory  of  Franklin,  however,  though  not  wjth- 
fHit  its  defeats,  has  more  Hmplicity,  and  accounts  for 
&fts  in  a  more  cafy  and  more  natural  m.^nner.  The 
principles  of  this  diftinguilhed  philofopherTnay  be  re- 
iblved  into  the  following  axioms : 

ift.  The  eledlric  matter  is  one  and  the^  (ame  in  all 
bodies,  and  is  not  of  two  diftinft  kinds, 

ad.  All  terreftrial  bodies  contain  a  quantity  of  this 
maaer. 

jd.  The  electric  matter  violently  repels  itfctf,  but 
attra(9s,all  otiier  matter. 

4th.  Glafs  and  other  fubftanccs,  denominated  elec- 
ttics,  contain  a  large  portion  of  this  matter,  but  are 
impermeable  by  ir. 

5th.  Conducing  fubftances  are  permeable  by  it,  and 
do  not  conduft  it  merely  over  their  rurfacc.  . 

6th.  A  body  may  contain  a  fuperfluous  quantity  of 
the  eleArical  fluid,  when  it  is  faid,  according  'to  this 
theory,  to  be  in  a  pofitive  ftalc,  or  ckftrificd  phis  -,  and 
when  it  contains  tefs  than  its  proper  fhare  it  is  faid  to 
be  negative^  or  cleftrificd  minus. 

7.  By  exciting  an  cledVric,  the  equilibrium  of  the 
fluid  is  broken,  and  the  one  body  becomes  overloaded 
with  eleftricity,  while  the  other  is  deprived  of  its  na- 
tural Ihare. 

Thus,  according  to  the  Franklincan  theory,  that 

eleftricity,  which  was  before  called  vitreous,  is  now 

called  fefttive  electricity  j  and  that  which  was  termed 

(he  refinous,  is  now  denominated  »<g(i/w  eleftricitj'. 

*  See  Mr,  Adams's  Lcftures  on  Nat.  Phil.  vol.  iv. 
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It  is  evident,  that  it  is  only  in  paffing  from  one  body 
to  another,  that  the  efFefts  of  the  ele£trical  fluid  are 
apparent.  When  all  the  adjacent  bodies  thd-efore  are 
equally  charged  with  eledricity,  no  cfiefts  whatever 
will  appear.  The  equilibrium  muft,  according,  to  the 
principles  of  Dr.  Franklin,  be  deftroyedj  that  is,  the 
fluid  muft  be  made  rarer  in  fome  one  part,  before  any 
of  the  phenomena  will  be  exhibited.  In  that  cafe  the 
denfe  fluid  rulbing  in  to  fupply  the  deficiency  in  that 
part  where  it  is  rarer^  produces  the  flafh.  of  light,  the 
crackling  rioife,  and  the  other  efiefts  of  elcdtricity. 

The  diflfcrcnt  effedts  on  rough  and  fmoqth  bodies, 
when  excited,  have  been  previoufly  remarked.  The 
Franklinean  theory  is,  if  a  rough  and  fmooth  body  arc 
rubbed  togetlier,  the  fmooth  body  will  generally  be 
eleftrified  flusy  and  that  with  a  rough  uneven  fuHacc, 
minus.  Thus>  in  the  ordinary  operation  of  the  com- 
mon machine,  the  cylimkr  is  pofitively  eleftrified,  or 
plus,  and  the  rubber  negative,  or  minus.  The  redun- 
dance of  the  pofitive  electricity  is  fent  from  the  cylin- 
der to  the  prime  condudlor,  and  may  be  communicated 
from  it  to  any  conducing  body.  If,  however,  the 
prime  condudcr  is  made  to  communicate  with  the 
earth,  \vh:ch  has  a  great  attraflion  for  the  ele&rical 
matter  (and  which,  being  one  great  mafs  of  conduc- 
ing fubftances,  will  not  permit  the  accumulation  of  the 
fluid  in  a  particular  part)  and  if  at  the  fame  time  the 
rubber  ib  in  an  infulated  ftate,  fupportcd  for  inftance 
by  glafs  or  any  eledlric,  thefe  efFefts  will  be  rcverfcd, 
for  the  prime  conductor  will  then  be  negatively  elec- 
trified, and  the  rubber  will  be  plus  or  pofitive. 

This  theory  is,  it  muft  be  confeffed,  not  without  its 

difficulties,  and  it  is  much  to  be  feared,  that  we  have 

as  yet  no  complete  theory  of  eleftricity.  The  faft  moft 

difficult  to  be  explained  on  the  Frankiinean  lyftem  is, 

8  that  . 
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diat  of  two  bodies  negatively  eledriBed  repelling  each 
QthcTj  for  if  the  repulfion  in  the  cafe  of  pbfiiive  elec- 
tricity is  caufed  entirely,  as  there  is  reafon  to  believe 
it  is,  by  the  eleftric  matter,  how  fhould  a  deficiency  of 
that  matter  produce  the  fame  effeft  ?  Attempts  have 
been  made  to  explain  the  fadt  by  having  recourfe  to 
tfje  dcftricity  of  the  air,  which  (when  not  charged  with 
moifture)  is  certainly  an  eteftric  or  non-condui5ling 
iubftancc,  and  in  all  cafes  is  an  imperfedl  eleflric.  The 
cork  balls,  or  other  light  fubftances,  which  are  ele(flri' 
fied  negatively,  are  therefore  fuppoled  to  be  aftod 
upon  by  the  pofttive  eleftricity  of  the  air,  which  pro- 
duces an  effeft  adequate  to  their  being  pofitively  elec- 
trified. This  folution,  however,  is  not  quite  fatisfac- 
tory;  though  it  is  perhaps  unphilofophical  to  reject  an 
hypothefis,  which  explains  fomc  fafts  greatly  to  our 
latisfaftion,  merely  becaufe  it  has  not  as  yet  explained 
every  thing. 

Dr.  Franklin  fuppofed  that  the  elcftric  fluid  is  col- 
leded  from  the  earth,  and  this  hypothefis  he  fupported 
by  the  following  experiment. 

Let  one  perfon  (tand  on  wax  (or  be  infulatcd)  and 
rub  a  glafs  tube,  and  let  another  perfon  en  wax  take 
the  fire  from  the  firft,  they  will  both  of  them  (provid- 
ed they  do  not  touch  each  other)  appear  to  be  eleftri- 
iRed  to  a  perfon  itanding  on  the  floor  i  that  is,  he  will 
perceive  a  fpark  on  approaching  either  of  them  with 
his  knuckle  or  finger  -,  but  if  they  touch  each  other 
during  the  excitation  of  the  tube,  neither  of  them  will 
appear  to  be  eleftrified.  If  they  touch  one  another 
after  excitbg  the  tube,  and  draw  the  fire  as  before, 
there  will  be  a  fl:ronger  fpark  between  them  than  was 
between  cither  of  them  and  the  perfon  on  the  floor. 
After  fuch  a  ftrong  fpark  neither  of  them  difcover  any 
fleSricilff. 

Y  4  He 
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He  accounts  for  thefe  appearances  by  fuppofing  the 
eleftric  fluid  to  be  a  common  element,  qf  which  each 
of  the  three  perfons  has  his  equal  (hare  before  any  ope- 
ration is  begun  with  the  tube. 

A,  who  ftands  upon  wax  and  rubs  the  tube,  coUefts 
the  eleftrical  fire  from  himfelf  into  the  glais,  and  his 
communication  with  the  common  ftock  being  cut  off- 
by  the  wax,  his  body  is  not  again  immediately  fup- 
plied. 

B,  who  alfo  {lands  upon  wax,  paffing  his  knuqklc 
along  the  tube,  receives  the  fire  which  was  colleAed 
from  A,  and  being  infulated,  he  retains  this  additional 
quantity. 

To  the  third  perfon,  who  ftands  upon  the  floor,  bod^ 
appear  eleftrified ;  for  he,  having  only  the  middle  quan- 
tity of  eleftrical  fire,  receives  a  fpark  on  approaching 
'  B,  who  has  an  over  quantity,  but  gives  pnc'  to  A,  who 
has  an  under  quantity. 

If  A  and  B  approach  to  touch  each  other,  the  fpark 
is  ftronger,  bccaufe  the  difference  between  them  is 
greater.  After  this  touch  there  is  no  (park  between 
cither  of  thcin  and  C,  becaufe  the  eleftrical  fluid  in  all 
is  reduced  to  the  original  equality.  If  they  touch  while 
cledrifying,  the  equality  is  never  deftroyed,  the  fire  is 
only  circulating ;  hence  we  fay  that  B  is  eleftrified  po- 
fuively,  A  negatively  *. 

•  Mr.  Adams  on  Ele^ricity,  p.  43. 
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IN  order  to  underftand  properly  the  nature  of  what 
is  called  the  Leyden  phial,  or  cleftrical  jar,  it  will 
be  neccflary  to  revert  to  what  has  been  faid  both  in 
the  introduftion  and  in  the  preceding  chapter  on  pofi- 
tive  and  negative  cleftricity.  If  4  piece  of  gJafs  is 
coated  with  any  condufting  fubftance,  it  may  be  made 
to  accumulate  the  eleftrical  matter  to  a  furprifing  de- 
gree. In  this  cafe  one  fide  of  the  glafs,  if  it  does  not 
exceed  a  given  phicknefs,  will  be  pofitively  eleftrified, 
and  the  other  negatively.  The  form  of  the  glafs  is  of 
no  confequence  in  this  experiment  i  it  may  be  either 
flat,  cylindrical,  or  otherwifc. 

The  objeft  of  the  philofopher  being,  therefore,  on 
many  occafions,  to  colleft  a  large  quantity  of  eledri- 
city,  by  means  of  the  furfaces  of  eleftrics,  and,  as  flat 
plates  are  neither  neceflary  nor  convenient  for  this  pur- 
pofe,  he  accommodates  himfelf  with  a  fufficient  num- 
ber of  prepared  jars.  Thefe  are  made  of  various  (hapes 
and  magnitudes,  but  the  moft  ufeful  are  thin  cylindri- 
car glafs  veflels,  about  four  inches  in  diameter,  and 
j[bqrteen  in  height,  coated  within  and  without  (except 

about 
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about  two  inches  from  the  top)  with  tinfoil^  or  any 
other  condufting  fubftancc. 

If  one  fide  of  this  jar  !s  eledtrifiedi  while  the  other 
fide  communicates  with  the  earthj  it  is  faid  to  be 
charged. 

Whe,n  a  communication  is  formed  from  one  fide  of 
the  jar  to  the  other  by  a  conducing  fubftancej  after  it 
has  been  charged,  an  explofion  will  take  place^  and 
this  is  called  difcharging  the  jar«.  This  phial  is  inca^ 
pable  of  being  charged  when  it  is  infukted  $  that  i^ 
when  neither  fide  communicates  with  the  earth.  When 
it  is  charged,  (he  two  fides  are  in  contrary  firates,  the 
one  being  pofitively,  the  other  negatively  electrified. 

A  jar  is  faid  to  be  pofitiyely  eledtrified  when  the  in* 
fide  receives  the  fluid  fi'om  the  condudorj  and  the 
outfide  is  connected  with  the  earth.  It  is  negatively 
eleftrified  when  the  outfide  receives  the  fluid  fi-om  the 
condudor,  and  the  infide  communicates  with  the 
earth  %  but  it  is  neceflary  that  the  jar  charging  nega? 
tivcly  (hould  be  infulated,  becaufe  the  fluid  is,  in  the 
firft  inllance,  conveyed  to  the  coating,  and  would  be 
immediately  carried  to  the  earth  if  it  was  not  infu- 
lated. 

The  moft  ufual  forms  of  the  Leyden  phial  are  re* 
prefented  in  Fig.  3.  and  5.  Plate  XXVI L  and  its 
nature  may  be  exemplified  by  die  following  experi- 
ment: 

Place  the  phial  (Fig.  5.)  on  an  infulated  ftand;  bring 
the  coating  in  contaft  with  the  conduftori  turn  the 
machine  flowly,  and  after  a  few  turns  remove  the  phial 
from  the  conduftor ;  then  form  a  communication  be- 
tween the  outfide  and  the  infide  of  the  phial,  by  plac- 
ing one  end  of  the  difcharging  rod  firft  upon  the  coat- 
ing, and  then  bringing  the  other  end  of  the  rod  to  the 
brafs  ball  of  the  bottle  i  in  this  cafe  there  will  be  no 

expldfioHj 
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!Cxplofio;i>  bee^ufe,  both  fides  being  infulated,  the  bot- 
tle was  not  charged ;  but  if  a  chain  is  fufpended  from 
the  brafs  ball  of  the  phial  to  the  table,  and  the  coat- 
iBg  brought  in  contact  with  the  conductor,  after  2. 
few  turns  of  the  machine  remove  the  phial  as  be- 
fore ;  then  if  the  difchaiger  is  applied,  an  explofion 
will  be  heard,  and  the  bottle  wilt  be  difcharged  ;  be- 
<;aufe»  in  this  cafe,  the  infulation  of  the  lofide  is  de- 
ftroyed  by  the  chain,  and  the  phial  becomes  capable  of 
receiving  a  charge.  - 

That  the  charge  of  a  coated  jar  refides  ia  the  glals, 
and  not  in  the  coating,  is  proved  in  the  following 
Ijianaer:  fet  a  plate  of  glafs  between  two  metallic 
l^tes,  about  two  inches  in  diameter,  fmaller  than 
the  plate  of  glafs  j  charge  the  glafs,  and  then  re- 
move the  upper  metallic  plate  by  an  infulatcd  handle  -, 
take  up  the  glafs  plate,  and  place  it  between  two  other 
plates  of  metal  uncle6lrified  and  infulated,  and  the 
plate  of  glafs  thus  coated  afrelh  will  ftill  be  charged. 
The  ibllowing  experiments  are  further  iilu^ratlve  of 
the  nature  of  the  Leydcn  phial. 

A  cork  ball,  or  an  artificial  fpirler  made  of  burnt 
cork,  with  legs  of  linen  thread,  fufpended  by  filk,  will 
play  between  the  knobs  of  two  bottles,  one  of  which 
is  charged  pofitively,  the  other  negatively,  and  will  in 
a  little  time  difcharge  therfl. 

A  bail  fufpended  on  filk,  and  placed  between  two 
brafs  balls,  one  proceeding  from  the  outfide,  the  other 
from  the  infide  of  a  Leyden  jar,  when  the  bottle  is 
charged,  will  fly  from  one  knob  to  the  other,  and  by 
thus  conveying  the  fire  from  the  infide  to  the  outfide 
of  the  bottle  will  foon  difcharge  it. 

An  infulated  cork  ball,  after  having  received  a  fpark, 
will  not  play  between,  but  be  equally  repelled  by  two 
(jottles,  which  are  charged  with  the  fame*  power. 

A  wire 
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A  wire  is  fometimcs  fixed  to  the  ynder  part  of  the 
inlulated  coated  phial  (Fig.  5.)  and  ic  is  another  wire 
fitted  to,  and  at  right  angles  with  the  former ;  a  brals 
fly  (Fig.  4.)  is  placed  on  the  point  of  this  wire ;  charge 
the  botde,  and  all  jthe  tinr;e  the  bottle  is  charging  the 
fly  will  turn  round  5  when  it  is  charged  the  needle  will 
fl:op.  If  the  top  of  the  bottle  is  touched  with  the 
finger,  or  any  other  conducting  fubftaf^ce,  the  fly  will 
turn  again  till  the  bottle  is  difcharged.  The  fly  will 
eleftrify  a  pair  of  bails  pofitively  while  the  bottle  13 
charging,  and  negatively,  when  it  is  difcharging  *. 

When  a  Leyden  phial  pofitively  charged  is  infulat? 
cd,  it  will  give  a  fpark  from  its  knob  to  an  excited 
*  (lick  of  wax,  but  not  a  fpark  will  pafs  at  that  tinco 
between  it  and  an  excited  glafe  tube* 

An  additional  quantity  of  the  fluid  niay  be  thrown 
on  one  fide  of  the  jar,  if  by  any  contrivance  an  equal 
quantity  may  be  made  to  efcape  from  the  other^  and 
not  otherwife. 

Eleftricians,  in  order  to  increafe  .the  force  of  tlic 
cleftric  explofion,  conneft  feveral  Leyden  phials  togc-» 
ther  in  a  box  i  and  this  coUedlion  they  call  an  ele(5lri- 
cal  battery. 

In  this  apparatus  the  bottom  of  the  box  (Plate 
XXVII.  Fig,  2.)  is  covered  with  tin-foil,  to  connecb 
the  exterior  coatings ;  the  infide  coatings  of  the  jars 
are  conncded  by  the  wires  a^  ^,  r,  J,  ^,/,  which  meet 
in  the  large  ball  A  j  C  is  a  hook  at  the  bottom  of  the 
box,  by  which  any  fubftance  may  be  connefted  with 
the  outfide  coating  of  the  jars ;  a  ball,  B,  proceeds 
from  the  infide,  by  which  the  circuit  may  be  conve- 
niently completed.  Mr.  Adams  gives  the  following 
precautions  to  thofe  who  make  ufe  of  an  cicdrical 
battery  f . 

•  Mr,  Adams's  Eflay  en  Ele^.  p.  131.  t  ^^i^-  ?•  '47* 

The 
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The  top  and  uncoated  part  of  tlie  jar  fliould  be 
kept  dry  and  free  from  dull ;  and  after  the  explofioa 
has  taken  place,  a  wit;c  from  the  hook  is  to  be  con> 
nested  to  the  ball,  and  left  tliere  till  the  battery  is  to 
be  charged  again,  by  which  means  the  inconveniences 
atiCng  from  the  frequent  refiduum  of  a  charge  will  be 
obviated. 

Every  broken  jar  in  a  battery  muft  be  taken  away, 
before  it  is  poiTible  to  charge  the  refl:. 

It  has  been  recommended,  not  to  dilcharge  a  bat- 
tery through  a  good  condinSor,  if  the  circuit  is  not  at 
leaft  five  feet  long;  but  it  muft  be  obfcrved,  that  in 
proportion  to  the  lengthening  of  the  circuit  the  force 
of  the  (hock  will  be  lelTened. 

Jars  made  of  the  green  glafs,  manufaiftured  at  New- 
caftlc,  are  faid  to  endure  an  explofion  without  a  pra- 
bjbility  of  breaking. 

If  the  fpark  from  the  explofion  is  concentrated,  by 
caufing  it  to  pafs  through  fmall  circuits  of  non-con- 
dufting  fubftances,  the  force  of  the  battery  will  be 
confiderably  increafcd.  For  this  purpofe,  caufe  the 
fpark  to  pafs  through  a  hole  in  a  plate  of  glafs  one- 
twelfth  or  onc-fixrh  of  an  inch  diameter,  by  which 
means  it  will  be  more  compa<fb  and  powerful.  By 
wetting  the  part  round  tlie  hole,  the  fpark,  by  con- 
verting this  into  vapour,  may  be  conveyed  to  a  greattx 
diftance,  with  an  Increafr  of  rapidity,  attended  with  a" 
louder  noi(e  than  common.  Mr,  Morgan,  by  at- 
tending to  ihefe  and  fome  other  circiiniftanccs,  has 
melced  wires,  &c.  by  the  means  of  fmall  bottle^. 

If  the  charge  of  a  ftrcng  battery  is  pafted  through 
two  or  direc  inches  of  frr.all  wiie,  the  latter  will  Ibmc- 
times  appear  red  hot,  firft  at  the  pofitive  fide ;  and 
the  redncfs  will  proceed  towards  tijc  orlier  end. 

If  a  battery  i>  difchargcd  through  3  fmall  fteel  nee- 
dle. 
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die,  it  will,  if  the  charge  is  ftrong,  communicate  mag- 
netifm  to  the  needle. 

If  the  difcharge  of  a  battery  pafles  through  a  finall 
magnetic  needle,  it  will  deftroy  the  polarity  of  the  nee- 
dle, and  fomerimes  invert  the  poles ;  but  it  is  often 
neceflary  to  repeat  this  feveral  times. 

Dr.  PricfHcy  could  melt  nine  inches  of  fmall  iron 
wire  at  the  diftance  of  fifteen  feet,  but  at  the  diftance 
of  twenty  feet  he  could  only  make  fix  inches  of  it  red 
hoc,  fo  that  we  nnay  infer  froni  this,  that  notwithftand- 
ing  theit  condufting  power,  ftill  metals  refift  in  fomc 
degree  the  paflage  of  the  eleftric  fluid,  and  diercforc 
in  cftimating  the  conducing  powers' of  different  fiib- 
ftanccs,  their  length  muft  not  be  forgotten. 

If  a  flendcr  wire  is  inclofed  in  a  glafstube,  and  a 
battery  difcharged  through  this  wire,  it  will  be  thrown 
into  globules  of  different  fizes,  which  may  be  coUefled 
from  the  inner  furface  of  the  tube ;  they  are  often 
hollow,  and  little  more  than  the  fcoria  or  drof^  of  the 
metal. 

Dr.  Watfon  and  feme  other  gentlemen  made  feveral 
curious  experiments  to  afccrtain  the  diftance  to  which 
the  eledtric  fhock  might  be  conveyed,  and  the  velo- 
city of  its  motion,  which  were  briefly  mentioned  in  the 
firft  chapter.  In  the  firft  experiment,  the  ihock  was 
given,  and  fpirits  fired  by  the  eleftric  matter  which  had 
been  conveyed  through  the  river  Thames.  In  another 
experiment,  the  eleftric  fluid  was  made  to  pafs  through 
a  circuit  of  two  miles,  croffing  the  New  River  twice, 
going  over  feveral  gravel  pits  and  a  large  field,  and 
afterwards  conveyed  through  a  circuit  of  four  miles. 
This  motion  was  fo  inftantaneoufly  performed  by  the 
cleftric  fluid,  that  an  obfcrver,  in  the  middle  of  a  cir- 
cuit of  two  miles,  felt  himfelf  fhocked  at  the  fame  in- 
ftant  that  he  faw  the  phial  difcharged. 

Notwith- 
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Notwithflanditig  this  furprifing  velocity,  it  is  cer- 

.  tMD,  however,  that  both  fides  of  a  charged  phial  may 
be  touched  fo  quickly,  even  by  the  beft  condiiftors, 
that  all  the  eleftric  fhiid  has  not  time  to  make  thfc 
circuit,  and  the  phial  will  reniMn  but  half  difcharged  ; 
and  there  are  feveral  initances  where  the  motion  ap- 
pears flow,  and  not  eafily  rcconcileable  with  the  amaz- 
ing velocity  we  have  obferved  in  the  inftance  above  > 
indeed  it  is  certain,  that  this  Buid  is  refilled  in  fomc 
degree  in  its  paflage  through  or  over  every  fubftancc. 

There  is  another  part  of  an  eleftrical  apparatus, 
origbaily  of  German  invention,  Which,  before  the 
conclufion  of  what  may  be  called  the  mechanical 
part  of  eleftricity,  it  will  be  proper  to  notice.  It  ia 
chiefty  iUuftrativc  of  the  eleftrical  attraftion.  This 
apparatus  confifts  of  three  fmall  bells,  fufpcnded  from 
a  narrow  plate  of  metal ;  the  two  outermoft  by  chains, 
and  that  in  the  middle,  from  which  a  chain  paflcs  to 
the  floor,  by  a  filkcn  ftring.  Two  fmall  knobs  of 
brafs  are  alfo  hung,  by  filkcn  ftrings,  on  tacli  fide  of 
the  bell  in  the  middle,  which  fcrve  for  clappers. 
■When  this  apparatus  is  connefled  with  an  electrified 
conduftor,  the  outermoft  bells,  fufpended  by  the 
chains,  will  be  charged,  attraft  the  clappers,  and  be 
ftruck  by  them.  The  clappers,  becoming  electrified 
UkeWiie,  will  be  repelled  by  thefe  bells,  and  attrafted 
by  the  middle  bell,  and  will  difcharge  themfelves  upon 
it  by  means  of  the  chain  extending  to  the  floor.  After 
this  they  will  be  again  attracted  by  the  outermoft 
betUi  and  thus,  by  firiking  the  bells  alternately,  occa- 
'fion  a  ringing,  which  may  be  continued  at  pleafure. 
Flafhes  of  light  will  alfo  be  feen  in  the  dark  between 
the  bells  and  the  clappers ;  and  if  the  elcftricity  is 
ftrong,  the  difcharge  will  be  made  without  adual  con- 
uft,  and  the  ringii^  will  ceafc. 

If 
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If  an  apparatus  of  this  kind  is  joined  to  one  of  thofe 
conducing  rodsj  creded  to  protefl:  buiUings  from 
the  effefts  of  lightning,  it  will  ferve  to  give  notice  0^ 
the  approach  and  paflage  of  an  eledrical  cloud. 

It  is  remarkable,  that  in  certain  cafes  bodies  elec- 
trified will  retain  their  eledlric  power  for  alnion:  any 
length  of  time,  and  on  this  principle  a  very  ingenious 
inftrument  has  been  conftrufted,  called  an  eleftro- 
phorus.  This  machine  confifts  merely  of  a  mafs  of 
refinous  matter,  contained  in  a  box  for  the  conveni- 
ence of  carriage,  and  a  plate  of  metal  fitted  to  com- 
municate with  it,  which  is  lifted  by  a  handle  of  glafs, 
or  fome  non-condu6ling  fubftance.  The  refinous 
mafs  being  rubbed  with  a  flannel,  or  even  with  the 
hand,  and  t4ie  plate  of  metal  being  applied  to  it,  the 
metal  will  become  charged,  and  give  out  (parks  very 
freely  to  any  conducing  body ;  and  this  property  of 
communicating  eleftricity  the  refinous  mals  will  retain 
for  a  length  of  time,  without  any  frefh  application 
whatever. 

To  explain  thefe  phenomena  it  will  be  again  nccef- 
faiy  to  recur  to  what  has  been  faid  concerning  nega- 
tive and  pofitive  eleftricity ;  it  will  be  neceflary  alfo 
to  recollcft,  that  the  negative  elc6tricity  was  originally 
termed  the  refinous^  becaufe  it  was  firft  thought  to  be 
peculiar  to  tliofe  fubftances^  In  the  eleftrophorus, 
therefore,  the  lower  plate,  or  refinous  mafs,  being  ne- 
gatively eleftrified,  the  matter  is  taken  from  the  metal 

plate,  and  this  becoming  alfo  negatively  cledlrified, 
the  fluid  is  attrafted  from  any  body  which  is  pre- 
fented  to  it. 

Several  inftruments  have  been  invented  for  meafur- 
ing  the  quantity  of  eleftricity  contained  in  any  body. 
Thefe  generally  are  formed  upon  the  principle  of  the 
cleftric  atcraclion,  and  confift  of  a  fmall  pith  ball,  or 

other 
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other  light  body,  fufpended  on  a  moveable  arm,  with 
a  kind  of  femi-dial  to  mark  the  degrees.  Mr.  Adams 
recommends  Mr.  Henley's  quadrant  electrometer  for 
this  purpofc,  which  he  defcribes  as  follows :  "  It  con- 
fifts  (Fig.  3.  Plate  XXVI.)  of  a  perpendicular  ftem 
formed  at  top  like  a  ball,  and  ftimilhed  at  its  lower 
end  with  a  brafs  ferrule  and  pin,  by  which  it  may  be 
fixed  in  one  of  the  holes  of  the  conduftor,  as  at  Fig.  4. 
or  at  rhc  top  of  a  Leyden  bottle.  To  the  upper  part 
of  the  ftem,  a  graduated  ivory  lemtcircle  is  fixed,  about  ■ 
the  middle  of  which  b  a  brafs  arm  or  cock,  to  fupport 
the  axis  of  the  index.  The  index  (joniifts  of  a  very 
flender  flick,  wWch  reaches  from  the  center  of  the 
gra^u&ted  arch  to  the  brafs  ferrule ;  and  to  its  lower 
extremity  is  fattened  a  fmall  pith  ball  nicely  turned  in 
the  lathe.  When  this  eleftrometer  is  in  a  perpendi- 
cular pofition,  and  not  eleftrified,  the  index  hangs  pa- 
rallel to  the  pillar  i  but  when  it  is  electrified,  the  in- 
dex recedes  more  or  lefsi  according  to  the  quantity  of 
elftftricity."" 


Voi..^ 
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ELECTRICAL  PHENOMENA. 

^benomena  rf  AttraSion  a»d  RepulfUn.'-^EleQrical  jitunJ^henj^^Dif" 
ferent  EffeSls  on  difftrent  Subfiancesj-^Ele&rical  Cohefiom.'-^Experi^ 

msnts  on  Silk  Stockings.^^On  the  Evaporation  of  Fluidsn^^Vegeta- 

tion.'^-'Animal  Perfpirationj-^lnflammation    of   Spirits, ^^Amma!! 

killed  by  EU^ricitj, "^Curious  Pbenomina  in  'vacMO^^Recapittdmim 

cf  Principilis. 


TH  E  various  phenomena  of  deftriclty  may,  for 
the  fake  of  perfpicuity,  be  divided  into  two 
claiTes ;  the  Hrft  of  which  may  be  included  under  the 
general  head  of  atcradlion  and  repulfion ;  and  lydcr 
the  fecond  may  be  ranged  all  thofe  phenomena  which 
are  accompanied  with  the  luminous  appearances,  and 
that  cfFed:  on  the  animal  frame  which  is  termed  the 
ek'ftrical  fliock.  Though  fome  of  thefe  may  appear 
.  at  firft  to  have  very  little  analogy  with  the  former  clafs, 
yet  we  Ihall  have  frequent  opportunities  of  inferring, 
that  they  are  only  neceffary  efFcds  from  one  common 
caufe,  and  rather  differ  in  their  circumftances  than  in 
their  nature.  The  atmolpherical  phenomena  will  de- 
mand a  diftinft  chapter. 

It  follows,  from  what  has  been  already  ftated,  that 
every  body  eledrified,  whether  by  friftion,  or  by  com- 
munication \  whether  by  the  means  of  glafs,  or  any 
refinous  fubftance ;  is  furrounded  by  a  kind  of  atmo- 
fphere  of  that  fluid  which  is  called  the  eleSlrical  mat- 
ter. 

The 
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The  proof  on  which  this  hypothefis  refts  is,  that 
light  bodies  are. actually  lifted  up,  and  cairicd  to  or 
^m  the  electrified  body,  w^ich,  the  advocates  of  this 
theory  allcdge,  could  only  be  cfFcdeti  by  their  being 
enveloped  in  fomc  fluid  mediuirf.  Thus,  when  the 
haics  on  the  head  of  a  perfon  ekdrificd  (land  cvtSi,  or 
the  Hbres  of  a  fofc  feather  fprcad  oiit,  as  if  to  meet  or 
recede  from  the  conduftor,  according  to  circumftances, 
every  particular  hair  or  fibre  is  fuppoftd  to  be  fur- 
.    rounded  with  an  elecftrical  atmofphere. 

It  is  demonftratcd  by  Earl  Stanhope,  in  his  inge- 
nioiis  treatife  on  cleftricity,  that  the  denfity  of  the  elec- 
trical atmofphere  diminiDies  exaiUy  in  proportion  to 
the  Iquares  of  its  diftance  from  the  center  of  the  elec- 
trified bod/i 

Thofe  attraftions  and  repulfions,  which  we  have  fecn 
take  pdace  when  light  bodies  are  brought  near  to  elec- 
trified fubfl:ances,  are,  agreeably  to  the  notion  of  fome 
philcrfbphers>  caufcd  by  two  currents  of  the  cledric 
fluid;  the  current  which  departs  from  the  bodies 
brought  near  to  rhe  eleftrified  fubftance  caufes  thofe 
bodies  to  appear  to  be  attraded,  and  the  current  which 
departs  from  the  eleftrificd  fubftance  repels  thera  :  as 
■  thefc  two  effcdts  take  place  in  the  fame  ioftant,  it  may 
be  inferred  that  thefe  two  currents  arc  fimultaneous. 

A  body  repelled  by  an  cleftrilied  fubftance,  will  be 
attraded  by  this  fubftance  as  fooii  as  it  has  touched 
any  non-elet^ric  body. 

An  ekarined  fubftance,  if  it  is  left  free  to  move,  is 
attrafted  by  a  iion  electric  body  not  electrified.  Thus 
a  fraall  thin  plate  of  metai,  eleftrificd  and  fufpendcd  . 
by  a  ihreid  of  filk,.is  attracted  either  by  a  man's  hand, 
a  piece  of  green  wood,  or  by  a  metal  rod  prelentid 
to  it. 

2;  a  AU 
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All  fubftanccs  arc  not  attrafted  with  equat  force  by 
cleftrified  bodies  j  in  general  thofe,  which  are  in  their 
texture  the  denfcft  and  moft  cortipaft,  are  more  readilif 
attraded  and  repelled,  and  are  fubjedt  to  the  tnfiueace 
of  eleftricity  at  a  greater  diftance  than  thofe  which  are 
loof«r  and  more  porous  in  their  confidence.  A  rib- 
band or  thready  when  waxed  or  gummed,  becomes 
more  fubjeft  to  this  attraftion  and  repuUion  than  it 
'  was  in  its  original  ftate.  Of  all  fubftanccs,  gold  leaf 
appears  the  moft  eafily  aSefted  by  elefbrical  attrac- 
tion. 

Eleftrified  bodies  adhere  fo  clofcly  together,  that 
the  circumftance  has  given  occafion  to  a  new  term  in 
philofophy,  and  it  has  been  called  the  eleSrical  cobefitm. 
This  feet  was  pleafantly  illuftrated  by  fome  experi- 
ments on  filk  ftockii:gs,  communicated  to  die  Royal 
Society  by  Mr.  Robert  Symner  a  few  years  ago.  Two 
filk  ftockings,  the  one  black  and  the  other  white,  had 
been  for  fome  time  upon  one  leg,  and  were  then  rub- 
bed with  the  hand,  and  both  pulled  off  together;  it 
appears  that  in  this  cafe  the  two  ftockings  will  adhere 
together  in  fuch  a  manner  as  to  require  a  confiderable 
force  to  fcparate  them.    M.  Briffon,  who  repeated  the 
experiment,  obfcrves,  that  after  he  had  feparated  the 
white  from  the  black  ftocking  another  phenomenon 
occurred ;  for  while  he  held  them,  one  in  each  hand, 
fufpendcd  in  the  air,  they  fwelled  and  puffed  up  as 
wide  as  if  the  leg  had  remained  in  them ,  when  they 
were  brought  wiihin  ten  or  twelve  inches  of  each  other, 
tliey  ruftied  precipitately  upon  one  another,  and  ad- 
hered forcibly  together ;  but  this  adhefion  was  not  fo 
great  as  that  which  took  place  while  the  ftockings  were 
'one  within  the  other.     Mr.  Symner  fuppofed,  that  the 
fuccefs  of  this  experiment  depended  upon  the  contraft 
between  the  black  anJ-whice  colour  i  but  M.  Briffon 
I  proves 
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proves  this  hypothefis  to  be  without  foundation,  hav- 
ing made  the  experiment  by  fubftituting  for  the  black 
flocking  another  of  a  different  colour,  and  even  a  white  , 
.one  i  but  he  confcJHes,  that  when  the  experiment  was 
made  with  two  white  filk  {lockings  the  effcdls  were 

wekk. 

Eleftrical  attraftion  appears  not  to  be  fo  ftrong 
in  vacuo  as  in  the  open  air.  From  fcveral  experi- 
ments of  Beccaria's  we  learn,  that  if  the  air  is  tho- 
roughly exhaufted  out  of  a  glafs  receiver,  the  attrac->. 
tion  and  repulfion  of  eleftrified  light  bodies  within 
the  receiver  becomes  languid,  and  foon  ceafes  altoge- 
ther. 

EleAricity  augments  the  natural  evaporation  of  fluids, 
and  efpccially  of  thofe  fluids  which  are  mofl:  fubjeft  to 
evaporation  of  themfelves ;  and  it  has  alfo  a  great  ef- . 
feft  on  fluids,  when  the  veflels  containing  them  are 
non-eledrics.  If  a  humid  body,  a^fponge  for  inftance, 
U  placed  upon  a  conduftor  pofitivcly  cleftrified,  the. 
evaporation  will  proceed  much  more  rapidly,  and  it 
will  be  much  fooner  dry,  than  a  fimilar  body  difFcrendy 
circumftanced. 

Dr.  Prieftley  alfo  gives  us  reafon  to  fuppofe,  that 
fJants,  when  electrified,  vegetate  earlier  and  more  vi- 
goroufly  than  thofe  which  have  not  been  fubjefted  to 
this  influence. 

That  eleftricity  increafes  the  infcnfible  pcrfpiration 
of  animals,  may  be  inferred  from  the  circumftiance  that 
ele&rifled  animals  are  always  lighter  than  thofe  which 
are  not. 

The  ftrcam  of  ele£lrical  fluid  has  no  fenfible  heat, 
but  even  appears  cold  to  the  touch ;  yet  we  have  feen 
that  the  more  inflammable  bodies,  and  particularly 
(pirit  of  wine,  may  be  ignited  by  it.  This  experiment 
fW^y  be  cafily  made  by  a  fpark  from  a  common  ma- 

Z  3  chine* 
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chine.  Let  a  perfon  infulatcd,  and  communicating 
with  a  charged  condudlor,  hold  in  bis  hand  a  quantity 
of  reftified  fpirit  in  a  metal  fpoon.  If  the  fpirit  has 
been  a  little  warmed  over  a  candle  previoufly,  the  ex- 
periment will  be  more  certain  to  fucceed.  Let  ano* 
ther  perfon  then,  not  infulated,  but  communicating 
^vith-  the  floor,  prelcnt  his  finger  to  the  fpirity  a  fpark 
wiil  immediately  pafs  between  the  fpoon  and  the  fin* 
ger,  and  the  fnirit  will  be  inflamed.  This  phenomena 
might  pafs  for  an  exertion  of  magic  in  an  ignorant 
country,  or  an  ignorant  age. 

By  a  fmart  fliock  of  eleftricity  from  a  charged  phialj 
or  a  battery,  fmall  animals  may  be  killed ;  but  I  have 
not  underftood  that  human  art  has  yet  been  able  to 
conflruft  a  battery  large  enough  to  kill  an  animal 
above  the  fize  of  a  flieep  or  a  dog.  The  immediate 
or  proximate  caufc  of  the  death  of  animals  by  eledri* 
city,  or  by  lightnings  which  is  natural  eleftricity,  has 
not  yet  been  afcertained.  It  was  once  fuppofed  that 
the  living  principle  was  extinguiflied  by  the  burfting 
of  feme  blood  veflt^l,  from  the  violence  of  the  fliock; 
but  a  dog,  which  was  killed  by  lightning,  was  carefully 
diflefted,  and  none  of  the  veflTels  found  in  the  leafl:  in- 
jured. Bcccaiia  recovered  fome  perfons  apparently 
flruck  d^ad  by  ligiitning;  and  when  queftioned  with 
refpedt  to  the  pain  or  fuffering  which  they  endured, 
they  only  complained  of  an  unufual  numbnefs  or  weari*- 
nefs  in  their  limbs.  The  flefli  of  animals  killed  by 
eleftricity  is  rendered  extremely  tender,  and  is  recom- 
mended by  Dr.  Franklin  as  an  article  of  luxury,  h 
will  alfo  putrify  in  a  much  fliorter  time  than  the  flefli 
of  thofe  which  are  killed  in  any  ordinary  way. 

The  luminous  eflTefts  of  eledricity  are  not  precifely 
the  fime  in  vacuo  as  in  the  open  airs  and  indeed  a 

very 
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very  curious  phenomenon  has  been  produced  by  in- 
je<5liiig  the  clc6tric  light  in  a  vacuum. 
•  If  a  wire  with  a  round  end  is  included  in  an  exhauft- 
cd  receiver,  and  prelented  to  a  conduftor  of  an  elec- 
trical machine,  every  fpark  will  pafs  through  the  va- 
cuum in  a  broad  ftrcam  of  light,  vifible  the  whole 
length  of  the  receiver,  moving  with  regularity  (unlefs 
it  is  turned  back  by  fome  non-ele6tric)  and  then  di- 
viding itfelf  into  a  number  of  beautiful  rivulets,  which 
are  continually  feparating  and  uniting  in  a  pleaCng 
inaTiner.  When  the  veflel  is  grafped  by  the  hand,  a 
pulfation  is  perceived  like  that  of  an  artery,  and  the  fire 
inclines  towards  the  hand.  A  fmall  quantity  of  air  is, 
however,  necclTary  to  occafion  the  greateft  luminous 
cffcft. 

The  following,  is  a  recapitulation  of  what  M.  Brif- 
Ibn  confiders  as  fundamental  principles,  confirmed,  he 
fays,  by  his  own  experiments,  feconded  by  thofe  of 
other  philofophers  *. 

The  eleftric  fluid  is  the  fame  in  cflfence  with  that  of 
light  and  heat,  but  combined  with  a  fubftance  which 
afFcfts  the  organs  of  fcent. 

When  bodies  are  elecflrified  by  glaft,  they  furniih 
tufts  or  pencils  of  light;  but  if  eleftrified  by  fulphur  or 
refinous  fubftances,  they  only  produce  points  or  fparks 
of  light  J  bodies  prefented  to  thofe  eleftrified  by  glafs 
produce  only  luminous  points,  while  thofe  which  are 
prefented  to  bodies  which  are  eledtrified  by  fulphur, 
produce  beautiful  pencils  or  tufts  of  light. 

To  eleftrify  bodies  by  communication,  it  is  necef- 
fary  to  infulate  them  s  the  fubftances  the  moft  proper 
for  this  purpofc  are  thofe  which  eleftrify  the  beft  by 
friftion, 

*    Traitc  Element,  de  Phyftque,  Tom,  iii,  p.  435. 
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Glafs,  though  it  deftrifies  very  well  by  friftion, 
iclcilrifies  alfo  by  communication,  even  without  any 
preliminary  preparation;  yet  it  is  very  proper  to  infu- 
late. 

Eleftrical  phenomena  are  not  produced  entirely  from 
the  bodies  upon  which  the  eleftrifying  machine  afts  5 
the  adjacent'  bodies  or  fubilandres  coptnbute  towards 
their  produftion. 

The  energy  of  the  eleftric  virtue .  is  augmented,  i« 
conduftors,  more  by  an  increafe  of  furfacc,  than  by  an 
auormentation  of  the  mafs. 

Eledrified  bodies  adhere  one  to  another,  fo  that  they 
cannot  b^  feparated  without  a  confiderable  eflbrt,  a$ 
was  exemplified  in  the  cafe  of  (woTilk  ftockings  of  va- 
rious colours*  ;- 

EleAricity  accelerates  the  evaporation  of  liquors,  and 
the  perfpirajtion  of  animals. 

The  pencils  or  tufts  of  light,  which  are  feen  at  the 
^extremities  or  angles  of  eledriBed  bodies,  are  always 
compofed  of  divergent  rays  when  they  pafs  in  the  air^ 
but  if  a  non-ekSiric  or  conducting  body  is  prefented  to 
them,  they  lofe  a  great  deal  of  their  divergency  j  their 
rays  fometimes  become  even  convergent,  in  order  that 
they  may  approach  towards  that  body  which  is  more 
permeable  than  the  air  y  aqd  if  they  are  made  to  pafs  into 
a  vacuum,  they  will  aflume  the  form  of  a  large  branch 
pf  light  nearly  cylindrical,  or  in  the  form  of  a  Ipindle. 

The  fpark  which  fhines  between  two  bodies  is  car 
pable  of  k\x\n%  combuftiblp  matters  on  fire, 
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Chap.     VI. 

OP   THUNDER  AND   LIGHTNING,  METEORS^ 

WATER-SPOUTS,   &c, 

^bearj  of  Lighning.r^Defcript'tQn  of  a  Thundir  Storm,^^Ohfer*vati<mi 
rdaii'Vi  ta  the  Elt&ricity  of  the  AtmoJphere.'^Meliing  of  Metalt  iy 
the  Qold  Fufiou  a  ^^dgar  Error,'^Cofuiu3ors  of  Light niftg,^^Ho^sf 
to  he  fafe  in  a  Thunder  Storm -^Application  of  Eledlricity  to  other 
iamo^hericalPbenomeha*^^Rain,^^HaiL''^SHO^Jij»-^Mfte(irs.mmJfFa^ 
Ur-fpouts^ 


II  no  longer  remains  a  doubt  among  philolbphers, 
that  the  caufc  which  produces  the  efFefts  of  thun- 
der is  the  fame  with  that  which  produces  the  ordinary 
phenomena  of  eleftricity ;  the  refemblance  between 
them  is  indeed  fo  great,  that  we  cannot  believe  thun- 
der itfelf  to  be  any  other  than  a  grander  fpecies  of 
eledlricity,  naturally  excited  without  th?  feeble  efforts 
of  human  art.  This  fluid,  probably,  is  difiiifed  through 
the  whole  atmofphere  at  all  times,  either  in  a  fmaller 
or  greater  degree,  and  is  occafionally  perceptible  to  our 
ienfes,  according  to  the  concurrence  of  natural  circum- 
j(ttoces. 

The  cloud  which  produces  the  thunder  and  light* 
ning  may  be  confidered  as  a  great  eleftrified  body ; 
but  how  has  the  cloud  acquired  its  eleftric  virtue  ?  is 
the  reafbnable  demand  of  an  inquifitive  mind :  and 
fo  fetisfy  this  inquiry  it  will  be  neceflary  to  refer  to 
what  has  been  before  obferved,  that  this  power  is  pro- 
duced in  two  modes,  by  friftion,  and  by  commu- 
picat^on.    Bodies  eleftrified  by  friftion  communicate 

their 
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their  virtue  to  other  bodies  which  are  fufceptible  ofitj 
being  infulated,  and  at  a  convenient  diftance.     As  air, 
therefore,  is  an  idio-eledlric  body,  it  is  not  unphiiolb* 
phical  to  fuppofe,  that  in  ftormy  weather  cfpecially, 
when  it  is  common  to  obferve  the  clouds  and  the  wind 
t^ke  contrary  courfes,  a  part  of  the  atmofphere>  rufli- 
ing  by  the  other^  may  caufe  the  air  to  be  eleftrified  by 
the  friftion  of  its  own  particles,  or  by  rubbing  againfi: 
terreftrial  objeds  which  it  meets  in  its  pafiage,  or 
perhaps  againft  the   clouds  themfclves.     It  is  pro- 
bable  alfo,  that  the   inflammable  fubftances,  which 
arife  and  accumulate  in  the  cloudy  regions,  contribute 
to  increafe  the  effefts,  not  only  of  themfelves,  but, 
perhaps,  ftill  more,  by  the  eledtric  matter  which  they 
carry  along  with  them.     Another  circumftance,  which 
further  inclines  me  to  make  this  infereoGe  is,  that 
thunder  ftorms  are  more  frequent  and  tremendoui 
in  thofe  times  and  places,  when  and  where  we  have 
reafon  to  conclude  that  thefe  exhalatioi^s  are  in  the 
greateft  abundance  in  the  atmolphere,  as  in  warm  fca- 
fons  and  climates,  as  well  as  in  (hofe  places  where 
the  earth  is  filled  v^ith  fubflances  capable  of  furniihing 
a  large  quantity  of  thefe  exhalations,  and  in  particular 
in  the  neighbourhood  of  volcanoes. 

A  cloud  in  a  thunder  ftorm  may  be  confidercd  as  a 
great  conduftor,  aftually  infulated  a^id  elc<^rified  \  and 
it  may  be  fuppofed  to  have  the  fame  efFeft  upon  thofe 
non-electrics  which  it  meets  with  in  its  courfe^  as  our 
comnwn  condudbors  have  upon  thofe  wliich  arc  prc- 
fented  to  them.  If  a  cloud  of  this  kind  meets  with 
another  which  is  not  elet^trified,.  or  lefs  fo  than  itfclf, 
tlie  elefti  ic  matter  flies  oft*  from  all  parts  towards  this 
cloud ;  hence  proceed  fiaflics  of  lightning,  and  the  for-» 
midable  report  of  thunder. 

■ '  Thunder 
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*  Thunder  ftorms/  fays  Beccaria,  '  generally  hap- 
len  when  there  is  little  or  no  windj  and  their  firft  ap-' 
learance  is  marked  by  one  denle  cloud,  or  more,  in- 
»eafilig  very  fail:  in  fize,  and  rifing  into  the  higher' 
egions  of  the  air  j  the  lower  furfece'  black,  and  nearly 
evel,  but  the  upper  finely  arched,  and  well  defined,- 
Vlany  of  thefe  clouds  feem  frequently  piled  one  upon 
mother,  all-  arched  in  the  fame  manner ;  but  they  keep 
lontinually  uniting,  fweHing,  and  extending-  their 
irches. 

■  At  the  time  of  the  rifing  of  this  cloud,  the  at- 
•nofphere  is  generally  full  of  a  great  number  of  fcpa-  . 
fate  clouds;  motionlefs,  and  of  odd  and  whimfical 
li^s.  All  thefe,  upon  the  appearance  of  the  thun-t 
Jer  cloud,  draw  towards  it,  and  become  more  uniform 
«  their  ftiapes  as  they  approach,  rill  coming  very  near 
Jie  thunder  cloud,  their  limbs  mutually  ftretch  towards 
Mie  another;  they  immediately  coalefce,  and  together 
make  one  uniform  mafs.  But  fometimes  the  thunder 
:loud  will  fwell,  and  increafe  very  faft,  without  the  con- 
luniftion  of  any  of  thefe  adfcintious  clouds,  the  vapours 
>f  the  atmofpbere  forming  thcmfelves  into  clouds 
wherever  it  paffeS.  Some  of  the  adfciticious  clouds  ap- 
pear like  white  fringes  at  the  (kirts  of  the  thunder 
cloud,  but  thefe  keep  continually  growing  darker  and 
darker  as  they  approach  or*  unite  with  it. 
■  *  When  the  thunder  cloud  is  grown  to  a  great  fize, 
its  lower  furface  is  often  ragged,  particular  parts  being 
detached  towards  the  earth,  but  ftill  connected  with  the 
Feft.  Sometimes  the  lower  furface  fwclls  into  various 
large  protuberances,  bending  uniformly  towards  the 
earth.  When  the  eye  is  under  the  thunder  cloud, 
after  it  is  grown  larger,  and  well  formed,  it  is  feen  to 
fmk  lower,  and  to  darken  prodigioufiy,  at  the  &nie 
(ime  that  a  number  of  adfcititious  clouds  (the  origin  of 
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which  can  never-  be  perceived)  art  fcen  in  a  rapid  mo- 
tion, driving  about  in  very  uncertain  diredtions  under 
]t.  .  While  thefe  clouds  are  agitated  with  the  moft  ra- 
pid motions,  the  rain  generally  falls  in  the  greateft 
plenty,  and  if  the  agitation  is  exceedingly  great,  it^ 
commonly  hails. 

*  While  the  thunder  cloud  is  fwelling,  and  extend^ 
ing  its  branches  over  a  large  traft  of  country,  the 
lightning  is  feen  to  dart  from  one  part  of  it  to  another, 
and  often  to  illuminate  its  w])ple  mafs.  When  the 
cloud  has  acquired  a  fufficient  extent,  the  lightning 
ilrikes,  between  the  cloud  and  the  earth,  in  two  oppo» 
file  places,  the  path  of  the  lighming  lying  through  the 
whole  body  of  the  cloud  and  its  branches.  The  longer 
this  lightning  continues,  the  rarer  the  cloud  grows,  and 
the  lefs  dark  is  its  appearance,  till  at  length  it  breaks 
in  different  places,  and  difplay.s  a  clear  Iky/ 

It  is  the  opinion  of  the  fame  author,  that  the  clouds 
ferve  as  conduftors  to  convey  the  eledtric  fluid  from 
tliofe  places  of  the  earth  which  are  overloaded  with  it, 
to  thole  which  nre  exhaufted  of  it. 

To  prove  that  the  earth  is  often  pofitively  charged 
with  refpcft  to  the  clouds  in  one  part  while  it  is  nega- 
tive in  another,  he  adverts  to  the  fall  of  great  quan tides 
offand,  and  other  light  fubftances,  which  are  often 
can  led  into  the  air,  and  fcattered  uniformly  over  a 
large  traft  of  country,  when  there  was  no  wind  to 
effect  this  phenomenon,  and  even  when  dierc  was, 
they  have  been  carried  againft  the  wind ;  he  therefore 
fuppofes,  that  thefe  light  bodies  are  raifed  by  a  large 
quantity  of  ele<5irical  matter  ifluing  out  of  the  earth. 
.  This  comparatively  rare  phenomenon,  he  thinks, 
exhibits  both  a  perfeft  image  and  demonftradon  of 
the  nianner  in  which  the  vapours  of  the  atmofphere 
lurc  raifed  to  form  thunder  clouds.    The  lame  eledlric 
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matter,  wherever  it  ifTues,  attra£U  to  ity  and  carries 
into'  the  higher  regions  of  the  air,  the  watery  particles ' 
diiperied  in  the  atmofphere.  *  The  cleftric  matter 
afccnds,  being  folicited  hj  the  lefs  refinance  it  finds 
there  dian  in  the  common  mafs  of  the  earth,  which  at 
thofe  times  is  generally  very  dry,  and  confequently 
highly  cleftric.  The  uniformity  with  which  thunder 
clouds  fpread  themfelves,  and  fwell  into  arches,  muft 
be  owing  to  their  being  affcftcd  by  fome  caufe,  which, 
like  the  eledric  matter,  difFufes  itfelf  uniformly  wherq- 
evcr  it  afts,  and  to  the  refiftance  they  meet  with  in 
afcending  through  the  air. 

The  lame  caufe,  which  firft  raifed  a  cloud  from  va- 
pours difperfed  in  the  atmoiphere,  draws  to  it  thofe  al- 
ready formed,  and  continues  to  form  new  ones,  till  the 
vrhole  colleded  mafs  extends  fo  far  as  to  reach  a  part 
of  the'Carth  where  there  is  a  deficiency  of  elcftric  fluid ; 
thidier  alfo  they  will  be  attraded,  and  thus  the  mafs 
ferves  as  a  conduftor.  When  the  clouds  are  attrafted 
in  their  paffage  by  thofe  parts  of  the  earth,  where  there 
is  a  deficiency  of  the  fluid,  thofe  detached  fragments 
are  formed,  and  alfo  thofe  uniform  depending  protu- 
berances, which  are  probably  the  caufe  of  water- 
(pouts« 

A  wind  always  blows  from  the  place  whence  a 
Sunder  cloud  proceeds,  and  the  wind  is  more  or  lefs 
violent  in  proportion  to  the  fuddcn  appearance  of  the 
diunder  cloud,  the  rapidity  of  its  expanfion,  and  the 
velocity  with  which  the  adfcititious  clouds  join  it.  The 
fudden  condenfation  of  fuch  a  prodigious  quantity  of 
vapour  muft  difplace  the  air,  and  agitate  it  on  ail 
fides. 

In.  three  ftates  of  the  air,  fays  the  author  above 
quoted,  I  could  find  no  elcftricity  in  it,  ift.  In  windy 
nreatber.     2d.  When  the  Iky  was  covered  with  diftindb 
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and  black  clouds,  which  had  a  flow  motion,     jd.  In 
moift  weather  not  aftually  raining. 

In  rainy  weather,  widiout  lightning,  his  lapparatus 
.  was  always  eledlrified  a  little  time  before  the  rain  fell, 
and  during  the  time  of  rain,  but  ceafed  a  little  before 
the  rain  was  over. 

The  higher  his  rods  reached,  or  his  kites  flew,  the 
ftrongcr  figns  they  gave  of  being  cleftrificd. 

It  has  been  intimated  that  the  clouds  are  fottiedm^ 
poGtively,  and  fometimes  negatively  clcftrificd.    In  the 
latter  cafe  the  lightning  is  fuppofed,  upon  the  Franldi- 
nian  theory,  to  proceed  from  the  earth  to  the  cloud. 
.The  general  cfFcfts  of  lightning  are  precifely  the  fame 
.with  thofc  of  the  eleftric  fliock,  only  greatly  magnified. 
•It  may  not  be  improper  in  this  place  to  notice  an  old 
error,  namely,  the  melting  o{  metals  by  what  has  been 
.called  the  coldfiifton.     The  error  is  found  to  reft  upon 
certain  ill  attefted  relations  of  fwords  being  melted  in 
the  fcabbard  by   lightning,  and  money   in  the   bag) 
•without  injuring  the  fcabbard  or  the  bag.     A  variety 
of  experiments  have  been  accurately  made  to  determine 
the  faft;  the  refulrs  of  which  have  been,  that  the  thin 
edge  of  the  fword,  or  of  the  money,  might  have  been 
inftantancoufly  melted,  and  yetfo  inftantaneoufly  cool- 
ed, as  neither  to  affeft  the  fcabbard  nor  the  bag.    A 
very  fmall  wire  will  inftandy  melt  and  inftantly  cool  in 
the  flame  of  a  common  candle. 

Mr.  Kinncllcy  inclofed  a  fmall  wire  in  a  goofe  quill 
filled  with  ioofe  grains  of  gunpowder,  which  took  firC 
as  readily  as  if  they  had  been  touched  by  a  red  hot 
poker ;  tinder  was  kindled  when  tied  to  a  piece  of  the 
fame  wire  j  but  no  fuch  effects  could  be  produced  with 
a  wire  twice  as  large.  Hence  it  appears,  as  Mr.  Kin- 
ncfley  remarks,  that  though  the  electrical  matter  has 
no  fenfible  heat  when  in  a  ft^e  of  reftj  it  will,  in  pafling 
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through  bodies,  produce  heat  in  them,  provided  thcjr 
arc  proportionally  fmatl.  Thus,  in  pafTing  through 
die  fmall  wire,  the  particles  arc  confined  to  a  narrower 
pai&ge,  snd,  crowding  clofe  together,  aft  with  a  more 
condenfcd  force,  and  produce  fenfible  heat  *. 

The  difcovery  of  Dr.  Franklin,  which  eftablithed 
the  identity  of  lightning  with  the  eieftrlcal  fluid,  fug- 
gcfted  an. invention,  for  which  we  are  indebted  to  the 
&me  phitofopher,  for  fccuring  buildings  from  this  moll 
formidable  enemy.  The  reader  will  perceive  that  I 
allude  to  that  of  metallic  conductors. 

Suppofe  Fig.  4.  Plate  XXVI.  to  reprcfcnt  the  gable 
«nd  of  a  houfe,  fixed  vertically  on  the  horizontal  board 
F  G  i  a  fquare  hole  is  made  in  the  gable  end  at  h  i,  into 
which  a  piece  of  wood  is  fixed  j  a  wire  is  inferted  in 
the  diagonal  of  this  httle  piece;  two  wires  are  alfu 
fitted  to  the  gable  end  i  the  lower  end  of  one  wire 
terminating  at  the  upjicr  corner  of  the  fquare  hole, 
■the  top  of  the  other  wire  is  fixed  to  its  lower  corner ; 
the  brafs  ball  on  the  wire  may  be  taken  off,  in  order 
that  the  pointed  end  may  be  occafionally  expofed  to 
receive  the  explofion. 

Experiment. — Place  a  jar  with  its  knob  in  contaft 
with  the  conduftor,  conneft  tlie  bottom  of  the  jar 
with  the  hook  H,  then  charge  the  jar,  and  bring  the 
ball  under  the  conduftor,  and  the  jar  wilt  be  dif- 
chat^ed  by  an  explofion  from  tlie  conduftor  to  the 
ball  of  the  houfe.  The  wires  and  ch:nn  being  nil  in 
connection,  the  fire  will  he  conveyed  to  the  outGde  of 
the  jar  without  affecting  the  houfe  j  but  if  the  fquare 
piece  of  wood  is  placed  lb  that  the  wires  are  not  con- 
nefted,  but  the  communication  cut  off,  the  eleftric 
fluid,  in  pafllng  to  the  outfide  of  the  boide,  will  throw 

,  •  Prieftley's  Hill,  of  Elcft.  p.  394. 
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out  the  little  piece  of  wood  to  a  confiderable  diftance^ 
by  the  natural  force  of  the  explofion. 

'  Unfcrew  the  ball>  and  let  the  point  which  is  under- 
neath be  preicnted  to  the  condudor,  and  then  you  will 
not  be  able  to  charge  the  jar;  for  the  fharp  point 
draws  the  fire  lilendy  from  the  condudor,  and  conveys 
it  to  the  coatihg  on  the  outfide  of  the  jar. 

The  prime  conductor  in  this  experiment  is  fup- 
pofed  to  reprefent  a  thunder  cloud  difchai^g  its  con* 
tents  on  a  weather-cock,  or  any  other  metal, .  at  the 
top  of  a  building ;  and  it  may  be  inferred  from,  this 
experiment,  that  if  there  is  a  connexion  of  metal  to 
CQndud  the  eledric  fluid  down  to  the  earth,  the 
building  will  receive  no  damage  i  but  where  the  con- 
ncdion  is  imperfcft,  it  will  ftrikc  from  one  part  to 
another,  and  thus  endanger  the  whole  building. 

Elevated  conductors,  applied  to  buildings  to  fecure 
them  from  lightning,  will  in  this  manner  difchargc  the 
eledriciiy  from  a  cloud  that  paflcs  over  them,  and  a 
grearer  quantity  of  the  difcharge  will  pafs  through  a 
pointed  conduclor,  than  through  one  which  termi- 
nates with  a  ball ;  but  whether  the  difcharge  will  be 
made  by  a  gradual  current,  or  by  explofion,  will  de- 
pend upon  the  fuddennefs  of  the  difchargc,  on  the 
nearnefs  and  motion  of  the  cloud,  and  the  quantity  of 
the  elcftricity  contained  in  it.  If  a  fmall  cloud  hangs 
fufpcndcd  under  a  large  one  loaded  with  eledric  mat- 
ter, pointed  conduftors  on  a  building  underneath  will 
receive  the  difcharge  by  explofion,  in  preference  to 
thofe  terminated  by  balls,  the  fmall  cloud  forming  an 
interruption,  which  allows  only  an  inftant  of  time  for 
the  difcharge  *. 

Vifcount  Mahon  (ndw  Earl  Stanhope)  has  com- 

*  Mr.  Adams's  Eflay  on  Eledt.  p.  186. 
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municatcd  to  the  puUic,  in  a  creatife  on  this  fubjeft  *, 
ibriie  el&ntials  to  be  observed  in  the  erciflion  of  con- 
dudors  lo  buildings :  he  advifes,  that  the  upper  fif- 
tcAi  of  twenty  inches' df  the  rod  fhould  be  compofed 
bifcoppei^and  not  of  iron,  as  the  latter,  being  expofed 
to  die  weadici-i  will  ruft,  and  ruft  does  not  conduit 
«Ieftricit;^  i  that  the  iron  part  of  the  rod  fliould  be 
{>aintedj  but  not  the  upper  part  of  it^  becaufc  paint  \% 
fiO  Condu^ofi  He  further  advifes,  that  the  upper  ex- 
tremity of  a  conducing  rod  fliould  hoc  only  be  accu- 
irately  pointed  and  Anely  tapered*  but  that  it  Hiould 
be  extremely  prominent,  about  ten  or  fifteen  feet  above 
all  the  parts  of  the  building  which  are  the  neareft  it. 
Ic  may  be  added,  that  a  conduftor  ftiould  ^ways  be 
canied  in  the  earth  fomc  Feet  beyond  the  foundation 
of  the  building,  and  fliould,  if  poflible.  terminate  in 
Water. 

The  fafefl  Gtuation  during  a  thunder  Harm  is  the 
celhr;  for  when  a  perfon  is  below  the  furface  of  tha- 
earth,  the  liglitning  mull  ftrike  it  before  it  can  reach 
liim-,  and  will  of  courfe,  in  all  probability,  be  expend- 
ed on  it.  Dtt  Franklin  advifes  perlbns  apprehcnlive 
of  lightning  to  fit  in  the  middle  of  a  room,  not  un- 
der a  metal  luftre,  or  any  other  conduAor,  and  to  lay 
their  feet  up  upon  another  chair.  It  will  be  ftill  faftr, 
he  adds,  to  lay  two  or  three  beds  or  mattrcflcs,  in  the 
tniddle  of  the  room,  and  folding  them  double,  to  place 
the  chairs  upon  them.  A  hammock  fufpcnded  by 
ulk  Cords  would  be  an  improvement  upon  this  appa- 
tarns.  Pcrfons  in  Betds  Aiould  prefer  the  open  parts 
to  the  vicinity  of  trees,  &c.  The  diftance  of  a  thun- 
der ftorm,  and  conlcquently  the  danger,  is  not  diiliculc 
b)   be  cftimated.    As  light  travels  at  the  rate  of 

*  Friacipleiof  EieAricity,  p,i05. 
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72,4.20  leagues  in  a  fecond  of  rime,  its  cfFedls  may  be 
confidered  as  inflantancous  within  any  moderate  dif- 
tance.  Sound,  on  the  contrary,  is  tranfmitted  only  at 
the  rate  of  1,142  feet,  or  about  380  yards  in  a  fecond 
By  accurately  obferving  therefore  the  time  which  in- 
tervenes between  the  flafh  and  the  noife  of  thunder 
which  follows  it,  a  very  near  calculation  may  be  made 
of  its  diftance,  and  I  know  no  better  means  of  remov- 
ing unncceflary  apprehcnfions. 

The  fuceefs  of  Dr.  Franklin,  in  afcertaining  the 
cauf^  of  thunder  and  lightning,  induced  fuccceding 
'philofophers  to  apply  the  fame  theory  to  the  expla- 
harion  of  the  other  atmofpherical  phenomena.  From 
a  number  of  obfervations,  the  indefatigable  Beccaria 
endeavours  to  account  for  the  rifing  of  vapours  and 
the  fall  6f  rain,  upon  cleftrical  principles  5  and,  it 
mud  be  confcffed,  that  if  it  is  not  a  primary  agent  in 
thefe  efFefts,  it  would  be  ralhnefs  entirely  to  deny  its 
influence.  This  philofopher  fuppofcs,  that  previous 
to  rain  a  quantity  of  clcftric  matter  efcapes  from  the 
earth,  and  in  its  afcent  to  the  higher  regions  of  the 
air  collcfts  and  condufts  into  its  path  a  great  quan- 
tity of  vapours.  The  fame  cauje  that  coUcfts  will 
condenfc  tlicm  more  and  mc^re,  till  in  the  places  of  the 
ncareft  intervals  they  come  almoft  into  contaft,  fo  as 
to  form  fmall  drops,  which,  uniting  with  others  as 
they  fall,  come  down  in  rain.  The  rain  he  fuppofes 
to  fall  heavier  in  proportion  as  the  eleftricity  is  more 
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Hail,  he  fuppofes  to  be  fornred  in  the  higher  regions 
of  air,  where  the  cold  is  intenfe,  and  where  the  elec- 
tric matter  is  very  copious.  In  thefe  circumftanccs, 
a  great  number  of  particles  of  water  are  brought  near 
together,  where  they  are  frozen,  and  in  their  dcfcent 
colled  other  particles  i  fo  that  the  denfity  of  the  fub- 
fiance  of  the  hail-done  grows  lefs  and  lefs  •  (rem  the 
9  cenceri 
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t36hRr>  this  being  fii^rtitfd  firft  in  the  highlit'  re- 
g^3>_uvl  die  fotface  bcii^  e<^e(^  in  the  lo^lrfet-. 
AgiiKably  10  tiiii,  ic  is  obferved>  chat  on  lAountatnsi 
hail-ftones  as  well  as  drops  of  rain  ^re  very  fmalt, 
kbere  beiiu;  biit  a  fmall  fpacc  throogh  which  thejr 
can  fsll. 

Clouds  of  &OW  dilTer  in  nothing  from  clouds  of 
rain,  but  in  the  circumftance  of  thfe  cold  which  freezes 
them.  Bqth  the  regular  diffufion  of  fnow,  and  the 
r^laricy  of  the  parts  of  which  it  coitfifts,  fiicw  the 
doteda  of  fnow  to  be  aftuated  by  fome  imifofm  caufc 
fike  eleftricity  •. 

Confident  with  this  theory  is  the  (aft,  that  vapours 
never  rife  to  a  great  height  -without  producing  me- 
teors. Almolt  all  volcanic  eruptions  are  accompa- 
med  with  lightning. .  The  column  of  vapour,  which 
proceeds  from  the  bowels  of  a  volcano,  is  continually 
traverled  by  lightning,  which  fometimes  Teems  to  pra- 
cecd.from  the  higher  regions,  fometimes  frorti  the  ai- 
himn  itfelf.  Thcfe  lightnings  were  obferved  by  the 
younger  Pliny,  in  the  eruption  which  kilted  his  uncle ; 
and  Sir  \Villiam  Hamilton  has  obferved  them  feveral 
dmes,  The  aurora  borealb  is  alfo  generally  fuppofed 
to  be  electrical ;  its  light  feems  to  be  produced  by  the 
cleftric  Huid,  while  it  is  condenfcd  in  paHing  tn  the 
Columns  of  elevated  vapour  f. 

•  Prieftley's  HiR.  Eltfl.  vol.  i. 

f  Mr.  Adams's  ddtription  of  this  meteor,  in  his  Leflurei,  \» 
fti  follows:  ■  The  appesrancei  of  the  aurora  come  under  four  dif- 
Xerent  defcri prion i.  ill,  A  horizonul  lifhl,  like  the  morning 
wMVn,  or  break  of  day.  zdly,  Finei  Sender,  lunrinom  beatlh, 
well  deRned,  and  of  denfe  light.  Thefe  ofien  cehttAue  ■x  quarter, 
Ik  kfilf,  or  a  whole  minate,  apparently  at  red,  but  oTietier  with  a 
^■iek  literal  motion,  jdly,  FInfhet  pointing  dptrard,  or  in  tie 
fiune  dire£tion  as  die  bauiu,  which  tbey  <I«m^s  fatceed.  TfafR 
aie  only  momentary,  and  have  no  lateral  motion;  but  they  are 
Aa  3  generally 
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Ic  was  intimated  that  watcr-fpouts  were  among  thi 
phenomena,  which  fome  pliilofophers  have  attenipted 
to  explain  on  eleftrical  principles.     A  watcr-lpout  i&  » 

generally  repeated  many  times  in  a  minute.  They  appear  mo^ 
broader,  more  diffufe,  and  of  a  weaker  light  than  the  beams :  they 
grow  gradually  fainter  till  they  difappear ;  and  fometimes  con- 
tinue for  hours,  flafliing  at  intervals:  4thly,  Arches,  nearly  in  tht 
form  of  a  rainboAv :  thcfe«  when  complete,  go  quite  acrofa  (kt 
heavens,  from  one  point  of  the  horizon  to  the  oppoiite  point. 

'  When  an  aurora  happens,  thefe  appearances  fefem  to  fuccecd 
each  other  in  the  following  order :  i .  the  fi&int  rainbow-liki 
arches  :  2.  the  l>eams  ;  and,  3.  the  flafhes.  As  for  the  northera 
horizontal  light,  it  appears  to  confiH  of  an  abundance  of  flalhes,  or 
beams,  blended  together  by  the  fituation  of  the  obfervcr. 

*  The  beams  of  the  aurora  borealis  appear  at  all  places  to  bt 
arches  of  great  circles  of  the  fpherc,  with  the  eye  in  the  center; 
and  thefe  arches,  if  prolonged  up  wards>  would  all  meet  in  one 
point. 

'  The  rainbow-like  arches  all  crofs  the  magnetic  meridian  at 
right-angles.  When  two  or  more  appear  at  once,  they  are  con- 
centric, and  tend  to  the  eafl  and  weft ;  alfo  the  broad  arch  of  the 
horizontal  light. tends  to  the  magnetic  eaft  and  wed,  and  is  bi- 
fedled  by  the  mlgnctic  meridian ;  and  when  the  aurora  extenis 
©vcr  any  part  of  the  hcmifphere,  wheihcr  gr«it  or  fmall,  the  line 
feparating  the  illuminated  part  of  the  hemifphcre  from  the  clear 
part,  is  half  the  circumference  of  a  great  circle  crofling  the  mag- 
netic meridian  at  right- angles,  and  terminating  in  the  eaft  and 
weft  :  moreover,  the  beams,  perpendicular  to  the  horizon,  are  only 
thofe  on  the  magnetic  meridian. 

'  That  point  in  th«  heavens  to  which  the  beams  of  the  aurcia 
appear  to  converge,  at  any  place,  ib  the  fame  as  that  to  which  thi 
fouth  pole  of  the  dipping  needle  points  at  that  place. 

•  The  btams  appear  to  rife  above  each  other  in  fucceflion ;  lu 
that  of  any  two  beams>  that  which  lias  the  higher  bafe  ha^  alio  tht 
higher  fummit. 

«  Every  beam  appears  broadeft  at  or  rear  the  bafe,  and  to  grow 
narrower  as  it  afcendb ;  fo  thai  the  continuation  of  the  bounding 
lines  would  meet  in  the  common  center  to  which  the  beam  tends. 

'  The  height  of  the  rainbow-like  arches  of  the  aurora  are  efti^ 
Viated  by  Mr.  Dalton  to  be  above  the  -earth's  forface  aboat  ijo 
.bglifh  miles.*    Mamii  Lidwrts%  vol.  iv.  p.  54^ 

•moft 
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moft  formidable  phenomenon,  and  is  indeed  capable 
of  caufing  great  ravages.  It  commonly  begins  by  ^ 
doud,  which  appears  very  fmall,  and  which  mariners 
call  the  fquall,  whiph  augments  in  a  little  time  into  an 
.  M^MHious  cloud  of  a  cylindrical  form,  or  that  of  a 
rcverfed  cone,  and  produces  a  noife  like  an  agitated 
iea^  fometimes  emitting  thunder  and  lightning,  and 
alio  large  quantities  of  rain  or  hail,  fufficient  to  in- 
jjndate  large  veffels,  overfctjtrecs  and  houles,  and 
every  thing  which  oppofes  its  violent  impetuofity. 

Thefe  water-fpouts  arc  more  frequent  at  fea  than 
,  by  land,  and  failors  arc  fo  convinced  of  their  dan- 
gerous confequences,  that  when  they  perceive  their 
approach,  they  frequently  endeavour  to  break  them  by 
firing  a  cannon  before  they  approach  too  near  the 
fliip.  They  have  alfo  been  known  to  have  committed 
great  devaftations  by  land :  though,  where  there  is  no 
water  near,  they  generally  affume  the  harmlefs  form 
Qf  a  whirlwind. 

In  accounting  for  thefe  phenomena  upon  eleftrical 
principles,  it  is  obfcrvcd,  that  the  effluent  matter  pro- 
ceeds from  a  body  aftually  eleftrified  towards  one 
which  is  not  fo  j  and  the  affluent  matter  proceeds  from 
a  body  not  eledtrified  towards  one  which  is  adlually 
fo.  Thefe  two  currents  occaQon  two  motions  anala- 
gpus  to  the  elcArical  attraftion  and  repulfion.  If  the 
current  of  the  effluent  matter  is  more  powerful  than 
the  affluent  matter,  which  in  this  cafe  is  compofcd  of 
particles  exhaled  from  the  earth,  the  particles  of  va- 
pours, which  compofe  the  cloud,  arc  attrafted  by  this 
effluent  matter,  and  form  the  cylindrical  column,  called 
the  dejcmding  ivater  Jput ;  if,  on  the  contrary,  the 
affluent  matter  is  the  ftrongeft,  it  attrafts  a  fufficient 
quantity  of  aqueous  particles  to  form  gradually  into 

A  a  3  a  cloud. 
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j^  cloud,  and  this  is  commonly  termed  the  iifcm£»g 

A  different  explanation  of  thefe  phenomena  hai 
been^  however,  given  by  other  phi^fophers,  and  tQ  thiji 
it  will  be  proper  to  advert  in  the  fucceeding  book;* 
which  treats  of  the  nature  and  properties  of  w  *. 

*  Mr.  Nicholfony  wlio  has  giveo  both  theoriess  has  the  follow^ 
ing  obfecvations*  which  great]/  ftrengthen  the  hypothefis  whicli 
afcribes  thefe  phenomena  to  eledricity:— -*  It  was  obfenred  of 
water-fpouts,  that  the  convergence  of  winds,  and  their  confe^iMnt 
whirling  motion,  was  a  principal  ciofe  in  producing  that.eiftd} 
but  there  are  appearances,  which  can  hardly  be  folved  by  foppof* 
ing  that  to  be  the  only  caufe.    They  often  vanifh,  and  prefendy 
appear  again  in  the  fame  place;  whitiih  or  yelloMrifli  flames  have 
fometimes  been  ieen  moving  with  prodigious  fwiftnefs  about  them, 
and  whirlwinds  are  obferved  to  ele^fy  the  apparatus  yery*ftrongIy« 
The  time  of  their  appearance  is  generally  thoTe  months  which  aN 
peculiarly  fubjcdl  to  thunder-ftorms,  and  they  are  commonly  bj:e- 
ceded,  accompanied,  or  followed  by  lightning,  the  previous  iUtq  of 
the  air  being  alike  in  both  cafes.    And  the  long  eftabliihed  cuA 
torn,  which  the  failors  have,  of  prefenting  (harp  fwords  to  difperft 
them^  is,  no  inconfiderablecircumiiance  in  favour  of  the  fuppofitioa 
ef  their  being  eledrical  phenomena.     Perhaps  the  afcending  mo* 
tion  of  the  air^  by  which  the  whirling  is  produced,  may  be  the 
current  known  to  iHuc  from  eledtrified  points,  as  the  form  of  the 
protuberance  in  the  fca  is  fomewhat  pointed;  and  theeleAriied 
drop  of  water  may  afford  considerable  light  lA  explaining  this  ap^ 
pearance,'— iV/V/^^/!?'i  W/7^/)^,  vol.  ii.  p.  361. 
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CttAP.  vir. 

MEDICAI,  ELECTRICITY. 

thtUratioH^  of  the  Abbe  NolUt  on  this  Subji£f,  '^Mr.  Adams  an  A  J' 

votati  fhr  Medical  Eleflricity.^^Mtdt  of  Application, ^^Difiafm 

*>    »  vgbick  it  may  bt  afpliidw^^Apparatus  m^  froptr  for  Mtdical 

TH  E  declaration  of  Abbe  Nollet,  that  he  received 
more  plcafure  from  difcovering  that  the  motioiv 
of  fluids  in  capillary  tubes^  and  the  infenHble  perfpira« 
tion  of  aninnated  bodies,  were  acrgmented  by  eleftricity, 
than  from  any  other  difcovery  hie  had  made,  rcflcfts 
die  higheft  honour  upon  his  charadter  as  a  friend  of 
mankiinid. 

Mr.  Adamsy  who  was  not  inferior  in  humanity  and 
philanthropy  to  the  French  philofopher,  ftrongly  con- 
tends for  the  medicinal  efteAs  of  elcftricity,  and  brings 
to  aid  his  arguments  the  acknowledged  property  ia 
the  dedbric  fluid,  to  accelerate  the  vegetation  of  plants, 
Wc  may  indeed  be  convinced,  by  a  variety  of  experi- 
ments,  that  the  eleftric  fluid  is  materially  connefted 
with  the  human  frame,  and  is  continually  exerting  its 
influence  upon  it.    As  the  natural  equilibrium  of  this 
fluid  is  eaGly  dcftroyed  in  the  human  body,  wc  may 
fafely  infer,  that  any  alteration  in  the  quantity  or  in- 
tenfity  of  the  aftion  of  this  powerful  fluid,  will  produce 
correlponding  changes  in  the  habit  or  health  of  the 
body.     The  following  experiment  proves  the  cffeft  of 
this  fluid  upon  organiz^ied  bodies. 

A  a  4  Lee 
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Let  the  charge  of  a  large  jar  or  battery  pais  from 
the  head  to  the  back  of  a  moufe  i  if  the  fliock  is  fijf^ 
ficiently  ftrong,  it  will  kill  the  anicpal.  If  the  dis- 
charge is  made  in  the  fame  manner  after  its  death,  tho 
fluid  will  pafs  vifibly  over  the  body>  and  not  through 
it)  from  which  circumftajice  we  may  infer>  that  the 
power  or  medium  which  tranfmitted  the  fbock  througb 
fhe  animal  is  loil  with  its  life. 

The  late  Dr,  CuUen  was  of  opinion,  that  de^hridtyj^ 
when  properly  applied,  is  one  of  the  moft  powerful 
ftimulants  that  can  be  employed  to  ^d:  upon  the  ntr^ 
vous  fyftem  of  animals, 

Mr.  Adams^  therefore,  infers,  from  various  exper(« 
ments,  that  eleftricity  is  applicable  to  palfies,  rheuma<^ 
tifms,  incermitjteDt^ ;  to  fpafm,  obftruftion,  aiyi  inflam-^ 
ipation.  In  furgery  a^fq,  he  adds,  it  has  confideraUt 
eflFe£t«  The  gout,  the  fcrophula,  or  king's  evil^  arv 
ranked  among  thofe  diieafes  to  which  this  remedy  is 
applicable  ^  and  there  is  reafon  to  fuppoie,  that  in  the 
beginning  of  tbefe  difeafes  its  applicatiqn  has  been  oc- 
cafionally  fucccfsful. 

Modern  eledtricians  have  contrived  various  modes 
for  applying  the  eledric  fluid  to  the  remedy  of  difeafes. 

The  ftream  of  this  fluid  may,  without  a  fhock,  be 
made  to  pafs  through  any  part  of  the  body  i  it  may 
alfo  be  thrown  upon,  or  extraded  from,  any  part ;  and 
its  action  in  each  cafe  may  be  varied,  by  caufing  the 
fluid  to  pafs  through  materials  which  refift  its  pafl^ge 
in  different  degrees  \  it  may  be  applied  to  the  naked 
integuments,  or  to  the  flcin  covered  with  different  re-^ 
fifling  fubftancess  and  its  power  may  be  rarified  or 
condenfed,  confined  tq  one  fpot,  or  more  difFufed,  as 
;he  difcretion  of  the  operator  may  direft  him.. 

The  apparatus  the  moft  proper  for  thefe  nnedicinal 
Operations  is^  an  eleftrical  machin?  widi  aa  infulated 

(ufliion. 
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(:ufliion,  properly  conftruded  to  afibrd  a  condoued  aod 
ftrong  ftream  of  the  eledrical  fluid. 

The  total  want  of  experimental  knowledge  upon  thit 
fubje£t>  di&bles  me  from,  dedd^ng  upon  the  efficsqr 
of  this  remedy.  Electricity  is  certainly  a  powerfbl 
figent  in  'nature,  but  its  effects  are  tranCent,  and  the 
^fe  with  which  the  fluid  is  tranfmitted  through  the  hu- 
plan  body  will  probably  operate  ^gainit  its  producing 
p  permanent  eflTeft.  Thus  ^r,  however,  may  widi. 
(nidi  be  advanced,  that  it  Is  a  fafe  and  eafy  remedy, 
and  therefore  fhould  never  be  omitted  where  there  is  a 
ehance  of  doing  good.  Medical  men  are,  howevci^ 
the  only  proper  judges  when  it  ought  to  be  applied  s 
ffnd  it  Qiould  be  a  maxim,  that  the  fafeft  an^  moft  in- 
wxiotu  medicines  may  have  the  ipoft  iauil  cocfe- 
QWnc<s  it)  un&ilfiil  Imids 
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BISTORV  OF  DISCOVERIES  R^XiATIVB  T« 

AIR. 


Damp,-^Mr.  Boyle. — Dt/cwerief  ffDr^  Sa/ej^tmQf  On  BJt^th^ 
Of  Dr.  Prieftley.-^Of  Mr.  CanHndiJh.^Qf  Lanmfiir.—Fitd  m 
dipbUgifticated  Air  difcwfind  iy  Dr.  Priiftlrf^i^^Cvrnfofitimi  ^ 
Water  and  efNitrotu  Air  di/covtred  By  Mr.  Cmvendifi^. 

THOSE  aerial  fluids,  which  in  their  nature  and 
efFefts  are  different  from  the  air  of  our  atmo- 
fphere,  did  not  efcape  the  notice  of  the  early  chemifts; 
but  they  paid  little  attention  to  the  nature  of  them, 
contenting  themfelves  with  giving  them  a  name  which 
meant  nothing,  denominating  them,  in  general,  fpiritus 
Jyhejiris. 

Van  Helmont  diftinguiflied  them  by  the  name  of 
^asy  which  he  defined  to  be  a  fpirit  or  incoerdble  va- 
pour, as  the  word  gasy  or  rather  ghoajly  in  the  Dutch 
language,  fignifies.  He  fuppofes  ^^gas  to  have  been 
retained  by  the  fubftances  from  which  it  is  extrafted, 
in  a  fixed  or  concrete  form.  He  affcrts,  that  fixty- 
two  pounds  of  charcoal  contain  fixty-one  of  gas,  and 
only  one  of  earth,  and  attributes  the  fatal  effc6ts  which 

workmen 
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wqrksxffsa  experience  occa^aUy  in  mines  to  the  emaiH 
dpanon  pf  this  iplnt.  On  the  lame  principle  he  ac- 
90UQC4  for  the  eructations  from  the  ftomach  anct 
tjowels,  and  for  the  floating  of  drowned  bodies ;  and 
he  concludes  by  determining,  that  this:  ga«  is  a  fluid  of 
}  inature  quite  different  from  that  of  our  common  wr. 
■  The  eiciftence  of  two  djifcrent  kinds-of  vapour,  ot 
eiaftic  Suids,  had  been  previounj  obfervod  in  mines 
9nd  coaUworks :  the  one  was  obferved  to  affcft  aol* 
mals  with  a  lenfc  of  fufFocatlon,  and  to  extinguiOi  life, 
and  it  therefore  obtained  the  name  of  the  cboak-dampi 
ihe  other,  from  the  dangerous  property  of  catching  fite 
when  a  candle  or  any  ignited  body  wa^  brought  ia 
CQQtaifl:  with  it*  was  terracxl  thAjire-dau^ 

A  Ipecimen  of  the  Hre-damp,  or  inSanunable  air, 
mas  collected  from  a  coaI-.mine  oS  Sir  James  Lowther, 
in  Cumberland,  and  brought  up  in  bladders  to  be  ex- 
bibited  to  the  Royal  Society  at  London,  in  the  year 
lyjjj  and  in  the  year  1736  Mr.  John  Maiid  pro- 
curedi  from  the  folutioa  of  iron  in  oil  of  vitriol,  a 
quantity  of  the  very  fame  fpecies  of  inflammable  air. 
Mid  demonftrated  diat  the  fame  miglic  be  procured 
from  moft  of  the  metals  in  certain  circumftances. 

The  experiments  of  Van  Helmonc  were  gready  im^ 
proved  upon  by  the  fagacious  Boyle.-  He  changed 
4k.  name  of  gas  to  that  of  artificUl  air;  he  demon* 
%X2ted,  that  this  artificial  air  was  not  always  the  fame; 
for  inftance,  that  the  air  produced  by  fermentation  ia 
efientially  different  from  that  which  is  formed  from 
the  ejplofion  of  gunpowder.  He  was,  I  btiieve,  the 
Brft.  who  perceived  that  the  volume  of  air  was  di- 
^linifficd  by  the  combuftion  of  certain  fubftanccs. 

This  laft  obfervation  of  Mr.  Boyle  fcems  parucu-. 
larly  to  have  attraded  the  attention  of  the  indefatigable 
Dr.  H^esi  and  he  invented  inftruments  for  determin- 
ing 
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ing  the  quantities  both  of  the  air,  which  was  on  feme 
occafions  produced,  and  on  other  occafions  ab(brbed| 
by  different  fubftanccs.  Thefc  experiments  defenre 
the  attention  of  every  philofopher,  and  for  accuracy  or 
ingenuity  have  never  been  exceeded  *. 

Among  other  circumftanccs,  which  were  particu^ 
larly  remarked  by  Dr.  Hales,  was  the  great  quantity  of 
air  contained  in  the  acidulated  mineral  waters,  and  ta 
this  air  he  fufpefted  they  were  indebted  for  their  fpark- 
ling  and  brightnefs,  and  fome  other  of  their  peculiar 
qualities.  In  obferving  the  abforption  of  air  by  bodies 
in  combuftion,  he  faw  that  this  abforption  had  its  li« 
mits :  he  remarked  alfo,  in  fbme  cafes,  the  alternate 
produdion  and  abforption  of  air,  as  for  inftance  in  re« 
fpeft  to  the  air  which  he  produced  from  the  burning 
of  nitre,  which  air,  he  obferved,  was  very  foon  di- 
miniihed  in  bulk,  though  he  did  not  perceive  that 
the  abforption  was  owing  to  the  water,  which  he 
always  ufcd .  in  Tiis  experiments.  The  produftion 
of  an  air  capable  of  inflammation  from  the  diftilla- 
tion  of  certain  fubftances  did  not  efcapc  his  obferva- 
tions  and  he  has  advanced,  that  the  augmentation 
of  weight  in  the  metallic  calces  was  in  fome  de- 
gree owing  to  the  air  which  they  imbibed.  That  the 
phofphorus  of  Homberg  diminifhes  the  air  in  which 
it  is  burned ;  that  nitre  cannot  explode  in  vacuo  9  and 
that  air  is  in  general  neceflary  to  the  cryftallization  of 
falts,  are  among  the  fafts  which  are  noticed  by  this 
philofopher. 

From  the  uncertafnty,  however,  of  Dr.  Hales  and 
his  predeceffors,  with  regard  to  fcveral  material  eir- 
cumftances,  of  which  they  appear  to  have  had  fome 
cafual  glimpfes,  and  from  their  total  ignorance  of  others* 

J        *  See  Halcs's  Vegetable  Statics,  pajpnu 
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die  doftrine  of  the  aerial  fluids  was  but  in  a  ftate  .of 
infancy,  till  the  deciflve  experiments  of  Dn  Blacky 
Mr.  Cavendifh,  and  Dr.  Prieftley^  furnifhed  us  with  a 
new  fyftem  in  this  important  department  of  natural 
lufiory. 

The  firft  of  thefe  philofophers  obfcrved,  that  lime 
and  magnefla,  in  their  mild  ftate,  confift  of  an  uniof^ 
of  a  certain  aerial  fluid  with  the  earthy  bafe ;  that  this 
aerial  matter  is  actually  extradted  by  the  on^ration  of 
burning,  which  reduces  ordinary  calcareous  earth  to 
the  ftate  of  quick- lime;  and  that  it  is  afterwards  re« 
ablbrbed  by  the  quick-lime  when  expofed  to  the  air. 
On  this  principle  he  was  able,  not  only  to  account  for 
the  loft  of  weight  by  the  burning  of  lime-ftone,  but 
CO  eftimate  to  the  greateft  nicety  the  additional  weight 
which  it  could  acquire  from  the  atmofphere.  He  ex- 
Crafted  the  gas,  to  which  he  gave  the  name  of  fixed 
or  fixable  air,  alfo  by  another  procefs,  namely,  by  dif* 
ibiving  the  calcareous  earth  in  acids ;  he  found  that 
the  caufticity  of  lime  depended  upon  its  violently  at- 
crafting  from  vegetable  and  animal  matter  a  portion  of 
that  air  of  which  it  had  been  deprived^  and  that  upon 
this  principle  he  was  enabled  to  render  cauftic  the  al« 
kaline  falts. 

To  Mr.  Cavendifti  the  fecond  place  in  the  order  of 
chis  hiftory  belongs.  He  purfued  the  experiments  of 
Dr.  Black,  and  afcertained  the  quantity  of  fixed  air 
which  could  be  retained  by  the  fixed  and  volatile  aK 
kalis.  He  accounted  for  the  nature  of  acidulated 
watery,  by  the  fixable  air  which  they  contained.  He 
j)rocured  a  fpecies  of  inflammable  air  from  folution> 
of  iron  and  zinc  in  vitriolic  acid ;  and  he  was  the  firft 
who  remarked,  that  a  folution  of  copper  in  fpiric  of 
6lt,  ioftcad  of  yielding  inflammable  air,  like  that  of 

'  iron 
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iron  or  zinC)  aflFordcd  a  particular  fpecies  of  air,  which 
loft  its  elafticity  by  coming  ii>  conmd  With  watcf. 

Dr.  Prieftley  commenced  his  philoibphical  careff 
by  fome  experiments  upon  fixabfe  air  j  and  the  firft  of 
his  communications  to  the  public  related  to  die  im- 
pregnating of  water  with  this  air,  by  nfieans  of  chalk 
Bnd  oil  of  vitriol,  a  method  firft  hinted  by  Dr.  Brown* 
rigg  of  Whitehaven,  and  now  commonly  pra&i(ed  in 
the  imiutions  of  the  acidulated  mineral  waters.  Tht 
Dodtor  tried  the  power  of  fixable  air  upon  anitnal  anJ 
vegetable  life,  and  found  it  fetal  to  bodi;  and  he  made 
feveral  other  valuable  experiments,  the  fubftance  of 
which  will  be  related  in  the  chapter  on  fixed  aift 

The  indefatigable  mind  of  Dr.  Prieftley  was  not| 
irowevcr,  to  be  fatisfied  with  the  inveftigation  of  a  fingte 
objeft.  He  next  turned  his  attention  to  the  nature  rf 
titmofpheric  air.  He  obferved,  after  Dr.  Hales,  itt 
dirrirnution  by  different  proceffes,  as  by  combuftioiH 
fcc.  but  differed  as  to  the  caufe.  Dr.  Hales  foppofet 
the  fpecific  gravity  of  the  air  to  be  increafed ;  but  Dr. 
Prieftley  judged,  that  the  denferpart  of  the  aif  is  pre- 
cipicated,  and  that  the  remainder  is  aftually  madfc 
Jighter.  The  difcovery  that  the  atmofpheric  air  il 
purified  by  vegetation  is  alfo  Dr.  Prieftley's. 

On  purfuing  the  experiments-of  Mr.  Cavendifli  on 
inflammable  air,  the  Doftor  found  that  it  was  not  only 
producible  from  iron  and  zinc,  but  from  every  inflam- 
mable fubftance  whatever. 

Dr.  Prieftley  difcovercd  the  caufe  that  air,  which 
has  been  refpired,  is  fatal  to  animal  life,  to  be,  that  it 
becomes  impregnated  with  fomething  ftimulating  to 
the  lungs,  for  they  are  affefted  in  the  fame  manner  ai 
wheh  expofed  to  any  other  kind  of  noxious  air.     His 

experiments  on  the  means  of  reftoring  falubrity  to  ait 
^re  highly  interefting  and  entertaining,  >and  afford  a 

plcafing 


pleafing  inftance  of  wcll-direaed  affiduity.  But  otic 
of  the  moft  ftriking  difcoverics  of  this  philofbpher  is, 
that  the  nitrous  Mr,  which  he  procured  from  the  fo- 
ludon  of  certain  metals  in  the  nitrous  acid,  had  the  pro- 
perty of  diminifhing  a  quanricy  of  the  pureft  part  of  the 
Common  air,  the  remainder  being  ty  this  proccfs  ren- 
dered noxious  and  unBt  for  combuflion;  and  upon 
this  principle  nitrous  air  was  for  a  long  time  received 
ts  a  teftof  the  purity  of  the  atmofphere,  though  it  will 
afterwards  appear  that  this  teft  is  imperfeft.  Dr. 
Prieftley  alfo  purfued  the  laft  mentioned  experiment 
of  Mr.  Cavendilh,  and  found  that  a  fimple  acid,  or 
alkali,  might  be  made  to  afTume  the  form  of  a  per- 
manently elaftlc  fluid  j  and  thcfe  fluids  he  diftinguifhed 
by  the  title  of  acid  2nd  alknUne-  airs.  But  to  fpccify 
all  Dr.  Prieftlcy's  difcoverics,  even  in  this  very  con- 
cifc  manner,  would  greariy  exceed  my  limits  j  I  muft 
therefore  be  content  with  only  curibrily  mentioning  the 
liioft  remarkable. 

The  publication  of  thefe  experiments  of  the  Englifh 
philofrfphers  exciced  the  attention  of  fevcral  ingenious 
foreigners;  but  the  only  difcoveri'.'s  worthy  of  notice 
in  this  place  are  thofe  of  M.  Lavoifier.  The  experi- 
ments of  this  philofopher,  afcertaining  the  precife  quan- 
tity of  water  and  claftic  fluid,  which  arc  contained  in 
flaked  lime  and  mild  alkali,  alfo  thofc  upon  .the  burn- 
ing of  phofphoiuj,  are  the  neateft  and  motl  complete 
that  have  ever  been  publifhcd.  The  only  new  dif- 
covery  of  any  niJtc,  which  we  can  attribute  to  him, 
was,  demonft.ating  that  the  calcination  of  metals  is 
owing  to  tlie  abfurptlun  of  a  certain  elaftic  fluid;  but 
he  did  not  at  fuft  i>erccive  that  this  fluid  was  in  any 
refpcift  different  from  the  fixable  air  produced  by  effer- 
vefcing  mixtures.  In  a  memoir,  however,  which  he 
read  after  the  publication  of  his  elfays,  before  the 
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French  Academy,  he  was  of  opinion,  that  the  air  whkb 
is  abforbed  by  the  calcination  of  aietals  is  common  air^ 
but  that  it  is  of  the  very  pureft  kind,  and  more  com- 
buflible  and  refpirable  dian  that  in  which  we  exifl*. 

This  opinion  verges  (o  clofcly  upon  the  dcphlogif- 
ticated,  vital,  or  empyreal  air  of  Dr.  I^rieftley,  that 
were  we  not  informed  by  gpod  authority,  that  M.  La- 
voilier  firflb  received  from  our  Englilh  philofbpher  * 
the  hint  of  extrafling  air  from  merciirius  calcinatus, 
the  circumftance  wo\ild  in  feme  meafure  afFcft  the 
priority  of  his  claim  to  that  great  difcovery.  Dn 
Prieftley  confefles,  that  accident,  rather  than  a  pre- 
concerted plan,  was  his  guide  upon  this  occafion.  He 
had  been  employed  in  extrafting  air  from  different 
fubftances,  and  in  particular  in  the  converfion  of  tho 

m 

different  acids  into  fluids  permanenriy  elaftic.  Anwng 
the  fubftances  from  which  he  endeavoured  to  extraft 
air  was  calcined  mercury,  which  afforded  it  in  confi- 
derable  quantities  \  and  upon  applying  the  different  tefts^ 
he  found  this  air  of  a  purer  nature  than  the  common 
atmolpheric  air.  The  air  which  was  produced  from 
red  precipitate  was  equally  piire  with  that  which  was 
afforded  by  the  mercurius  calcinatns  per  fe.  A  fimilaf 
produft  was  procured  from  red  and  white  lead,  from  a 
variety  of  fubftances  moiftencd  with  fpirit  of  nitre  j 
laftly,  from  common  nitre  itreir,from  fcdative  fait,  and 
Roman  vitriol.  I  omit  noticing  a  ftumber  of  erroneous 
opinions,  which  were  ftarted  in  the  infancy  of  the 
fcicnce,  as  my.prefent  bufinefs  is  only  to  trace  thefteps 
by  which  our  knowledge  has  been  gradually  improved 
in  this  department  of  nature- 

Dr.  Prieftley  continued  his  estperiments  on  inftam- 
ixiable  air,  and  found  that  all  the  metals  which  yield  it 

•  Prieftley  on  Air,  vot  ii^  p.  36,  and  320. 
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when  diffolved  in  acids,  yielded  it  by  means  of  heat 
idoiK;  his  mode  ofextradting  it  was  by  fubjeAing  tli« 
filings  of  the  differetjc  metals  in  racuo  to  the  at^ion 
of  a  iwming  glafs. 

The  next  remarkable,  and  perhaps  the  moft  impor- 
tant difcoveiy,  was  that  of  Mr.  Cavendilh,  which  has 
CKplaioed  to  us  die  nature  and  compofition  of  water* 
Mr.  Cavcndifti  was  led  co  tlus  great  difcovery  by  the 
experiment  of  Mr.  Warltire,  related  by  Dr.  Prieftlcy, 
in  which  it  was  found,  that  on  firing  a  mixture  of  com- 
mon and  inSammable  air  by  the  eieftric  fpark,  a  lofs 
of  *£ight  always  cnfued,  and  that  the  infidc  of  the  vef- 
M  in  which  it  was  Bred  became  always  moift  or  dewy, 
though  ever  fo  carefully  dried  before.  On  repeating 
the  experiment,  Mr.  Cavendifhdid  not  perceive  the 
diminution  of  weight  which  Mr.  Warltire  fuppofed  to 
take  place,  but  the  latter  effect  was  completely  exem- 
plified. In  profccuting  the  experiment,  it  appeared, 
that  it  was  only  the  pure  or  empyreal  part,  that  is  about 
one-fourth,  of  the  common  air  which  was  confumed, 
■and  the  water  produced  was  pcrfefUy  taftelefs  and 
purtf  }  on  mixing  empyreal  with  inflammable  air  in  a 
due  proportion,  and  pafTlng  through  them  an  define 
fparkj  the  whole  portion  loft  its  elafticity,  and  was  con- 
denfed  into  water. 

Mr.  Cavendifli  purfued  his  experiments  with  re- 
inarkable  fuccefs,  to  afctrcain  the  conftituent  principles 
of  phbgifticated  air,  or  that  which  conftitutes  the  im- 
pure and  unrefpirable  portion  of  the  atmofpheric  air, 
and  by  paffingihe  eleiftric  fpark  through  common  air, 
and  through  a  certain  mixture  of  empyreal  and  phio- 
^fticatcd  airs,  he  was  able  totally  to  condcnfe  the  lat- 
ter, and  to  afcertain  its  conflituent  principle  to  be  the 
feme  with  that  of  nitrous  acid,  with  (as  he  then  thought) 
a  fmalt  portion  of  inflammable  matter.  In  this  Utter 
'  Vol.  I.  B  b  opinion} 
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opinion,  however,  he  has  fincc  been  correfted  by  La- 
voifier,  and  other  nnodern  chemifts,  who  have  proved 
that  azotic,  or  phlogifticated  air  (as  it  is  called  by  the 
Engllfh  cheniifts)  is  no  other  than  the  bafis  of  the 
nitrous  acid  *. 

'  On  thefe  experiments  and  difcoveries  the  whole  of 
the  modern  fyftem  of  chemiftry  and  phyfiology  is 
founded ;  but  their  importance  will  be  more  completely 
proved,  in  treating  more  at  large  of  the  different  fpc- 
cies  of  air,  aiid  of  the  fucceeding  fubjefts,  in  xhcfc  vo- 
lumes. 


*  In  Mr.  Cavendifti's  Experiiiient»  as  he  probably  ufed  9fi 
which  had  been  rendered  impure  by  combuftion»  fome  fmall  ppr- 
tion  of  charcoal  or  other  inftaixynable  matter  might  be  cooUdiKd 
ill  ihe  air.     * 
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of  oxygen  gas.  or  pure.  vital,  em- 
PYREAL, OR  DEPHLOGISTICATED'aIR. 

Eo^knmi9g  efTerms.^^Reafins  f»if  the  different  Nmms  aJpgneJ  t9 
this  Flmd^^^Hvw  procured.-^Fi^om  Calces  of  Metals.-^By  Vege-^ 
4eetioH.'f^From  IVater.-^Freperttis  rf  Oxygen  Gas^^^A  pvioerful 
Jgentin  the  Syfiem  of  Nature, — Nfiw  ejfentialto  Flame  and  Li/e.-^ 
Various  Moder  provided  hy  Nature  yo^^-fiirnijbing  a  Supply  y  this 
Fluid. 

IT  ha8  been  already  intimated  that  gas^  (ignifying 
ipirit  or  ebullition,  was  a  term  employed  by  Van 
Helmont,  and  other  Dutch  and  German  chemifts,  to 
defcribe  thofe  elaitic  fluids>  which  appeared  In  their 
nature  different  from  common  or  atmofpheric  air. 
From  the  preceding  hiftory  of  fire  or  caloric,  the 
reader  will  be  at  no  lofs  to  underftand,  that  every 
aeriform  fluid  confifls  of  a  bajisf  or  matter  peculiar  to 
itfelf  combined  with  the  matter  of  heat,  which  is  in- 
deed the  real  efficient  caufe  of  all  fluidity  whatever. 
The  word  gas  has  therefore  been  employed  by  the 
French  chemifls  to  denote  an  aeriform  fluid  compofed 
of  a  certain  bafis,  which  gives  it  its  peculiar  charafter, 
combined  with  the  matter  of  heat  or  fire.     It  will  be 
tlfb  proper  ta  remember,  that  of  thofe  fluids  which 
arc  termed  elaflic,  fonjj:  are  permanently  elaftic,  as  the 
aeriform  fluids,  others,  fuch  as  common  yapour  from 
water,  are  condenfible  by  cold;  and  that  it  is  only 
of  the  former  kind  tlwt  we  have  now  to  treat. 

The  fluid  under  our  immediate  conGderation  was 
originally  teraied  defblogifticate4  air,  a  name  given  it 
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by  Dr.  Prieftley  from  fuppofing  it  free  from  phlc^fton 
or  inflammable  matter ;  when  it  was  found  eflential  to 
animal  life,  it  obtained  the  name  of  pure  or  vital  air^ 
and  when  it  was  found  to  contribute  eflentially  to  ig- 
nition, and  the  other  phenomena  of  fire,  it  was  termed 
empyreal  air ;  but  the  French  chemifts,  having  difco- 
vercd  that  it  is  the  fubftance  which  innparts  the  acid 
eharafter  to  all  the  mineral  and  vegetable  acids^'have 
diftinguifhed  it  by  the  name  of  oxygen  •  gas. 

Oxygen,  or  the  bafis  of  oxygen  gas,  is  .naturally  or 
artificially  combined  with  a  great  variety  of  fubftances.  * 
From  fomc  of  thefe  it  may  be  detached  by  the  {impk 
application  of  heat,  fince  it  has  a  remarkable  attrac- 
tion for  the  matter  of  fire,  with  which,  when  k  unites, 
jt  becomes  expanded,  and  aflumes  the  form  of  ^ 
or  ain 

The  fubftances  from  which  it  may  be  moft  caffly 
extfafted,  by  means  of  heat,  are  red  lead,  calcined  , 
mercury,  nitre,  and  manganefe.  Dr.  Prieftley  cx- 
pofed  a  quantity  of  red  lead  in  the  focus  of  a  bumiflg 
glafs  twelve  inchfes  in  diameter.  A  quantity  of  fixed 
air,  or  carbonic  acid  gas,  as  it  is  now  called,  was  al- 
ways produced  at  firft ;  but  after  that  was  feparsted, 
the  remainder  was  found  to  fuppdrt  flame,  and  to  fuf- 
tain  animal  life  much  more  vigoroufly  than  coipmon 
air,  and  to  have  all  the  charadcrs  of  dephlogifticated 
air,  or  oxygen  gas. 

By  fucceeding  experiments  of  Dr.  Prieftley  and 
others  it  however  appears,  that  dephlogifticated  or 
oxygen  air,  may  be  obtained  not  only  by  means  of 
lieat,  but  alfo  by  the  aftion  of  the  vitriolic  and  nkrous 

•  From  o|vj  (oxus)  "  Iharp  or  acid,"  and  yuv'^xi  (ginomai) 
*  to  beget  or  produce.  "—Oxygen  is  then  literally  the  principle 
or  fubilance  producing  acids. 

acidi 
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acids  upon  a  variety  of  mineral  and  metallic  Tub- 
fiances. 

In  a  fmaU  phial  AB  (Plate  XXIX.  Fig.  i.)  to 
the  mouth  of  which  is  fixed  a  bent  tube  C  D,  put  an 
ounce  of  the  oxid  of  mercury,  or  hydrarg)'rus  calci- 
natus  i  put  it  to  heat  over  the  chaffing  dilh  R  j  and 
after  the  atmofpheric  air,  which  filled  the  phial,  is  ex- 
haufiedj  place  the  extremity  D  of  the  bent  tube  under 
a  long  narrow  glafs  veflcl  (Fig,  a.)  filled  with  the 
fluid  in  the  pneumatic  apparatus  or  tub  (Fig.  3.)  and 
place  this  vcffel  upon  the  board  E  F  above  the  aper- 
ture c  ov  d*. 

As  the  mercury  revives  and  becomes  Uquid,  a  com- 

'preflSblc^  claftic,  tranfparent  fluid  may  be  obferved 

to  difengage  itfclf,  and  pafs  into  that  narrow  glafs  vef- 

fdi  this  is  air  of  the  pureft  kind  that  we  are  able  to 

procure,  namely,  vital  air  or  oxygen  gas. 

This  kind  of  air  may  alfo  be  obtained  by  the  fam# 
procefs>  from  the  native  oxid  or  calx  of  manganefe,  or 
from  minium  or  red  lead,  which,  it  is  well  Hnown,  is  an 
oxid  of  lead,  or  lead  united  with  oxygen. 

The  better  to  underftand  thefe  eflre(^s  it  muft  be 
recollected,  as  was  obferved  in  the  beginning  of  this 
chapter^  that  this  fluid  is  not  found  in  thcfe  fubftances 
in  an  entire  ftate^  they  only  contain  the  bafis  of  ir^ 
which  is  the  oxygen  i  for  metals  neither  calcine  nor 
bum  .but  in  conl'equencc  of  their  combination  with 
oxygen,  which  by  that  means  becomes  folid,  and  joins 
its  weight  with  theirs,  This  oxygen  is  then  expelled 
by  the  heat  or  caloric,  which,  combining  with  it,  (raufes 
it  to  pafs  into  the  Itate  of  an  el^ftic  fluid ;  during  this 
procefs,  the  metal,  lofing  the  oxygen  which  had  re- 
duced it  to  the  flate  of  an  oxid  or  calx.  aflTumes  its 

•  Traite  £lein.  dc  Phyf.  tom.ii.  p.  24. 
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metallic  properties,  and  lofes  the  weight  which  it  had 
acquired  in  becoming  oxidated  *. 

There  is,  however,  a  method  by  which  oxygen  gas 
may  be  obtained  with  lefs  heat  and  greater  facility, 
and  it  is  as  follows ;  put  fome  red,  lead  into  a  bottle, 
together  with  fome  good  ftrong  oil  of  vitriol,  but  with-r 
out  any  water.     Let  the  red  lead  fill  about  a  quarter 
of  the  bottle,  and  the  vitriolic  acid  be  about  the  fame 
quantity,  or  very  little  lefs  5  then  apply  the  bent  tube 
to  the  bottle  by  inferting  it  through  a  cork,  and  hav^ 
ing  inverted  another  bottle  filled  with  water  in  a  bafon 
about  half- filled  alfo  with  water,  direft  the  ot^er  end 
of  the  crooked  tube  into  the  bottle  inverted  in  the 
water.     In  this  flage  of  the  procefs  we  muft  obftrve, 
that  without  heat  this  mixture  pf  red  lead  and  vitriolic 
acid  will  not  afford  any  oxygen  air,  or  a  very  incon-^ 
fiderable  quantity ;  it  is  necefiary,  therefore,  to  apply 
the  flame  of  a  candle  or  wax  taper  to  the  boptle  con- 
taining the  ingredients,  while  the  crooked  tube  opens 
a  communication  between  this  bottle  and  that  inverted 
in  the  water.     In  this  manner  the  red  lead  will  yield 
a  quantity  of  elaftic  fluid,  which  will  pais  through  the 
crooked  tube  into  the  inverted  bottle,  and  as  the  quan- 
tity of  dcphlogifticated  air  increalcs  in  the  inverted 
bottle,  the  water  in  it  will  be  fcen  to  fubfide  \  this  air 
will  not  be  all  pure,  becaufe  a  confiderable  quantity  of 
fixed  air  enters  with  it.     In  order  to  fcparatc  the  fixed 
from  the  pure  air,  the  inverted  botde,  when  filled  yriA 
the  compound  of  both,  muft  be  agitated  in  a  bafon  of 
lime  water,  by  which  means  the  lime  water  will  abforb 
the  whole  of  the  fixed   air,  and  leave  the  dephlo^ 
giflicated  air  or  oxygen  gas  by  itfelf. 

Oxygen  gas  may  alfo  be  obtained  in  confiderablj 

f  ^riiTon^  torn.  ii.  p.  25. 
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quantities  from  water,  efpccially  from  pump  water^ 
which,  when  cxpofcd  to  the  fun,  emits  air  flowly  i 
but  after  it  has  remained  fo  for  a  confiderable  time,  a 
green  matter  adhere3  to  the  bottom  and  fides  of  the 
glafs  veflcl  in  which  it  remained ;  afterwards  it  emits 
pure  air  in  great  quantities,  and  continues  to  do  fo  for 
a  long  time  after  the  green  matter  has  exhibited  fymp-* 
toms  of  decay  by  turning  yellow. 

Dr.  Ingenhoufz  rightly  fuppofed  this  green  matter 
to  belong  to  the  vegetable  kingdom,  and  procured 
pure  air  by  putting  the  leaves  of  plants  into  water,  and 
expofing  them  to  the  fun.  He  obferves,  that  of  land 
vegetables  the  fittcft  for  this  purpofe  are  the  poifonous 
plants,  ftich  as  hyofcyamus,  lauro^cerafus,  night-lhade, 
&c.  But  he  extraded  the  pureft  air  from  fome  aqua- 
tic vegetables ^  and  from  turpentine  trees,  but  cfpecially 
irom  the   green  matter  he   coUefted  from  a  ftone 

_    trough,  which  had  been  Hept  filled  with  water  from  a 
^ring  near  the  high  road. 

"While  Dr.  Pricftley  was  engaged  in  a  fcries  of  ex- 
periments to  enable  him  to  purify  contaminated  air, 
he  difcovcred  that  vegetables  anfwered  this  purpofe 
moft  effcftually.  The  experiment  by  which  he  illuf- 
trates  his  aflertion  was  this  ;  having  rendered  a  quantity 
of  air  very  noxious,  by  mice  breathing  and  dying  in  it» 

.  he  divided  it  into  two  receivers  inverted  in  water,  intro- 
ducing a  fprig  of  mint  into  one  of  them,  and  keeping 
the  other  receiver  with  the  contaminated  air  in  it  alone. 
He  found,  in  about  eight  or  nine  days  after,  that  the  air 
of  the  receiver,  into  which  he  had  introduced  the  fprig 
of  mint,  had  become  refpirablcj  for  a  moufe  lived 
very  well  in  this,  but  died  immediately  upon  being 
introduced  into  the  other  receiver,  containing  the  con- 
taminated air  alone. 

5b  4  It 
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?tiA  afcemted  to  the  tap,  but  the  air  was  in  too  nrraH 
a  quantity  to  be  either  meafurcd  or  proved. 
-  In  -thcfe  experiments  it  is  probable  that  the  oxygen 
or  pure  air  was  extracted  by  an  actual  decompofitioa 
of  a  part  of  the  water,  by  means  of  a  capillary  attrac- 
tion, aided  by  the  folar  influence ;  and  in  eSe£t  the 
feme  philofopher  was  enabled  to  extra&  it>  though  ia 
a  fmaller  quantity,  by  means  of  a  number  of  very 
irdnutc  glafs  tubes  immcrfed  in  water  and  expofcd  to 
the  fun. 

The  properties  or  fiinftions  of  this  fluid  are  ibnM 
pf  the  moft  important  in  nature  j  nor^  except  caloric 
or  heat,-is  there  any  natural  agent  itiore  uiurerlal  Of 
more  adive.  .  . 

ift.  It  is  eOential  to  combuftion ;  nor  do  we  know 
of  any  procefs  by  which  Bame  can  be  fupported  widi- 
out  a  fupply  of  oxygen  gas,  or  empyreal  air. 

sdly.  In  certain  proportiods  it  is  abfolutely  necefiary 
to  futlain  animal  life  i  fo  that  the  whole  animal  creation 
may  be  laid  to  depend  upon  this  fluid  {ix  their  cxift* 
ence. 

3dly.  Its  bafis  oxygen  gives  the  acid  charaflerto  all 
mineral  and  vegetable  fairs,  the  bafes  of  which  are  found 
to  be  entirely  infipid  till  combined  with  oxygen. 

4thly.  The  calcination  of  metals  is  altogether  efi^eft- 
ed  by  their  union  with  oxygen.  Thus  for  nraft  of  the 
mineral  pigments,  and  a  very  numerous  clais  of  medi- 
cines, we  arc  indebted  to  this  ufefiil  element. 

5thly.  It  forms  a  conftitucnt  part  of  that  neceflary 
fluid,  water,  which  confifts  of  85  parts  of  oxygen,  and 
a  5  of  hydrogen,  or  the  bafis  of  inflammable  air. 

Oxygen  gas,  or  air,  is  more  elaftic  than  common 
»ir  i  it  exceeds  it  alfo  in  fpecific  gravity,  for  the  pro- 
portion between  pure  and  comi'yon  air  is  as  160  to 
>5a. 

On 
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On  introducing  a  lighted  candle  into  pure  or  dephlo- 
gifticatcd  air,  the  flame  becomes  larger  and  brighter  ? 
and  whenever  the  air  is  very  pure,  the  candle  burns 
with  a  crackling  noife,  as  if  the  air  contained  ibme 
combuftible  matter,  while  the  tallow  or  wax  waftes^ 
or  is  confumed,  incredibly  fad.  When  after  this  pro- 
cefs  the  candle  is  extinguifhed,  it  will  be  feund  that 
two-thirds  of  the  bulk  of  air  employed  will  be  con* 
verted  into  fixed  air.  When  the  fixed  air  is  taken  tip 
by  lime  water  or  cauflic  alkali,  the  fmall  remainder 
will  be  as  pure  as  before. 

■  In  common  procefles,  not  more  than  one-tenth  of 
the  air  employed,  is  converted  into  fixed  air.  It  is 
probable,  that  in  thefe  experiments,  fomc  diminudon  in 
the  volume  of  air  mud  take  place,  from  the  luperior 
gravity  of  fixed  air,  and  the  confequent  condcni^ioa 
of  the  other. 

If  live  coals  are  introduced  into  a  veffcl  filled  with 
dephlogifticated  air,  it  will  be  found  to  be  diminifhed 
one-fourth  of  its  quantity.  When  this  experiment  is 
repeated  with  fulphur,  tlie  fiamc  will  become  larger 
and  nfK)re  vivid  than  in  common  air,  and  thre^-fourths 
of  the  quantity  will  be  loft.  If  a  piece  of  phofphorus 
is  put  into  a  feven  ounce  meafure  of  this  kind  of  air, 
the  mouth  of  the  bottle  being  corked,  and  the  phof- 
phorus being  fct  on  fire  within  it,  the  phial  will  breik 
in  pieces,  as  foon  as  the  flame  is  exunguiihed,  by  thQ 
prelTure  of  the  external  air. 

The  purity  of  vital  air  is  afcertained  by  its  degree 
of  diminution  with  nitrous  air,  or  gas  obtained  from 
nitrous  acid,  and  this  procefs  is  to  be  confidcred  as  a 
ipecies  of  combuftion,  efpecially  as  a  confiderable  de- 
gree of  heat  is  generated  by  it.  Very  great  differencesj 
however,  are  perceived  in  this  r^fpeft  j  and  according 
to  the  quantity  of  diminution,  the  air  is  faid  to  be  twq, 

three, 


»■ 
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three,  or  four  timei  better  than  common  air.  Dr. 
Fricftley  mentions  fome  extrafted  from  red  lead  five ' 
times  as  pure  as  comrqon  air. 

Pure  or  oxygen  air  is  noc  abfbrbed  by  vater,  nor 
fokible  in  it  \  but  it  may,  as  was  juft  intimated,  be  al- 
molt  entirely  condenfed  by  nitrous  gas,  with  which  k 
combines,  as  will  be  proved  when  treating  of  that 
,  0uid ;  and  this  combination  is  ibluble  in  water, 
and  forms  nitrous  acid;  for  this  acid  is  compoled  of 
the  baGs  of  nitrous  gas  combined  with  oxygen,  the 
whole  being  diflblved  in  water. 

The  rcafon  that  pure  air  is  the  moft  elfcntial  of  aH" 
the  fluids  to  the  fupportoflife  is,  probably,  becaufc  a 
great  quantity  of  beat  is  neceflary  for  this  purpofe,  and 
becaufe  this  fluid  contains  it  in  great  quantity,  and- 
parts  with  it  very  freely  when  it  meets  with  any  fub- 
ftance  for  which  it  has  itfelf  a  ftrong  attraflion.  But  a» 
its  bafis  (oxygen)  combines  itfelf  yery  eafily  with  the 
^fis  of  coal  which  is  found  in  the  blood  and  lungs,  anc^ 
iliiring  this  combination,  lofes  part  of  its  caloric  or  heat, 
which  goes  to  the  fupport  of  life,  the  remainder  of 
the  caloric  and  oxygen,  combined  with  the  coal,  form 
the  carbonic  acid  gas  or  fixable  air,  wKich  is  always 
found  to  exift  in  a  lai^er  quantity  in  air  which  has 
been  refpircd,  than  in  atmofpherical  air  which  has 
not  been  fubfervient  to  that  fiin^ion.  Of  this  a  very 
cafy  experiment  afibrds  fufficient  proof;  it  is  founded 
on  the  property  wKich  the  carfjonic  gas  has  of  render- 
ing lime-water  turbid.  A  crooked  tube  open  at  both 
ends  is  partly  filled  with  lime-water;  a  pcrion  applies 
his  mouth  to  one  end  of  the  tube,  and  infpires,  by 
drawing  the  air  through  the  lime-water  contained  in 
it.  By  this  the  tranfparency  of  the  lime-water  is  not 
(tflefted ;  but  it  becomes  turbid  as  foon  as  the  perfon 
expires,  which  is  owing  to  the  carbonic  acid  formed 
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means  which  he  has  provided  for  fupplying  us  with 
this  neceflary  fluid.  It  is  evidfcnt,  that  immenfe  quan- 
tities of  it  are,  by  the  variotis  procefies  of  combuftion, 
deftroyed>  or,  to  fpeak  more  philofophically,  con- 
denied,  and  by  its  union  with  inflammable  nutter 
formed  into  water.  This  water  is  again  raifed  into 
the  atmofphcre  in  the  form  of  vapour;  it  feHs  in  dew 
or  run  upon  the  leaves  of  plants,  and  there,  by  the 

.  genial  action  of  the  folar  rays,  a  new  dccompolluon 
agun  takes  place,  and  every  branch,  every  leaf,  every 
bladerof  grafs,  is  occupied  in  t;he  bencBcial  function  of 
^igun  impregnating  the  atmofphcre  with  this  falutary 
&rid.  The  quantities  too,  which  are  abforbed  by  the 
calces  of  meuils,  mu(t  be  immenfe ;  but  by  the  va- 
rious proccfTes  for  the  fmelting'  and  redudion  of 
chefe  metals,  the  oxygen  is  again  fet  free,  and  a  frefh 
fuppty'is  produced.  Even  the  air,  which  is  injured 
by  refpiratioD,  is  doubtlefs  again,  by  a  variety  of 
(nodes,  the  greater  part  concealed  from  our  view,  pu- 
rified, and  rendered  once  more  fit  for  ufe,  fince  fixed 
air,  in  4  dtfengaged  ftate,  is,  comparatively  Ipeaking, 
but  a  rare  fubftance  in  nature,  and  fince  there  is  rea- 
fon  to  fuppofe  that  many  of  the  carbonic  bodies  may 
be  recruited  alfo  by  its  decompofition.  Ignorance  of 
nature  is  proverbially  the  fole  fource  ofathcifttii  and 
viba-  can  contemplate  this  aflonilhing  revolution,  this 
circulation  of  t>eneHts,  and  not  fn^e  at  the  extreme 
{cA\y  of  the  man,  who  can  fuppofe  thefe  appointmenu 
eftabliihed  without  intelligence  or  defign. 
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AZOTIC  •  GAS,  OR  PHLOGISTICATED  AIR. 

JzAtic  Gas  is  the  um-ejpirahle  Part  of  tie  Atmofphtre.^^Hovo  prt" 
cured.'-^Air  Bladders  of  Ftjhes  fiUed  naitb  h.^-^lts  Froftrtits^^ 
Azote  the  Betfis  a/ nitrous  Acidt 

TH  E  azotic  gas  was  at  firft  caDrd  by  Lstvoificr  mo- 
fete,  ind  by  Dr.  Pricftley  phlogifticated  air.    It 
conftitutes  about  three-fourths  of  the  atinolphcre>  buf 
is  not  refpirable  by  itfelf ;  whence  it  derives  the  name  of 
azotey  as  being  unfit  for  the  fupport  of  animal  life« 
Philofophers  have  proved,  that  this  fluid  is  completely 
formed  in  the  atmofphere,  and  that  it  vozy  be  pro- 
cured by  merely  abforbing  or  deftroying  the  pure  air,  or 
oxygen  gas,  with  which  it  is  united  in'  atmofpberic  air. 
Azotic  gas,  therefore,  is  always  found  to  remain 
after  a  quantity  of  common  air  has  undergone  the  re* 
fpiration  of  animals,  the  combuftion  of  bodies,  or  pn- 
trefadlion ;  becaufe  in  ail  thefe  cafes  the  pure  air  is 
abforbed  or  condenfed.     Azotic  gas  is  equally  invifible 
with  common  air,  and  fomcthing  more  elaftic.     Mr. 
Kirwan  procured  fomc  air,  by  means  of  a  mixture  of 
iron-filings  and  fulphur,  fo  perfeftly  free  from  vital  air, 
that  it  was  not  in  the  lead  diminifhed  by  the  tcft  of 
nitrous  air.     When  this  kind  of  air  is  fo  produced,  and 
dried  by  introducing  dry  filtering  paper  under  the  jar 

•  Or  «*  air  which  takes  away  life,"  from  the  Greek  privative 
particle  a  and  fc^  (zoc)  "  life.'*  Dr.  PriefUcy  called"  it  phlogifti- 
cated  air,  from  fuppofing  it  chiefly  coiiipoicu  uf  an  imaginary  fub* 
fiance,  which  Scheele  and  his  followers  termed  phlogifton  (or  the 
food  of  fire) ;  this  appcllatioQ  is  now  found  to  be  erroneoas. 

thac 
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that  contains  it,  its  weight  will  be  found  to  be  to  that 
of  common  air  as  985  to  1000,  the  barometer  (landing^ 
at  30.46,  and  the  thermometer  at  60*.  / 

Various  fubftances  alfo  arc  produftive  of  this  air; 
and  M.  Fourcroy  has  difcovered,  that  the  air  bladders 
of  filhcs,  and  particularly  of  the  carp,  are  foil  of  it  5 
and  that  it  may  be  collefted  by  breakbg  them  under 
glafs  veflcls  inverted  in  water.  The  air,  however^ 
which  is  contained  in  the  bladders  of  marine  plants,  is 
found  to  be  confiderably  purer,  than  atmofpheric  air. 

In  fpeaking  of  the  properties  of  this  fluid  it  is  necef* 
Xary  to  remark,  ift.  That  azotic  gas  affords  no  fign  of 
acidity,  not  being  capable  of  turning  the  blue  colours 
of  vegetables  red  ♦; 

ad  It  does  not  precipitate  lime  diflblved  in  water ; 
for  if  a  fmall  quantity  of  lime-water  is  put  into  a  tube 
filled  with  this  gas,  it  will  remain  clear  and  limpid ; 
there  will  be  neither  lime  precipitated  nor  chalk  formed, 
which  evinces  that  it  is  radically  different  from  fixed 
or  carbonic  acid  air. 

3dly.  Another  property  of  this  gas  is  that  of  fuddenly 
cxtinguifhing  fubftances  on  fire,  and  not  fuftaining  the 
vital  principle  in  animals  which  are  plunged  into  Jtf. 
This  may  be  proved  by  introducing  an  animal  or  a 
burning  candle,  into  a  vefTel  full  of  this  gas ;  the  animal 
will  be  fuddenly  fuffocated,  and  the  candle  inftantly 
cxtinguifhed. 

•  The  common  teft  ofchemifts,  to  prove  whether  any  fluid  con- 
tains an  acid.  They  commonly  drop  a  fmaJl  portion  gf  the  fluid 
into  a  clear  phial  containing  fyrup  of  violets ;  but  the  moft  delicate 
tell  is,  a  paper  flained  with  tindturc  of  turnfole  or  litmus,  to  which 
the  acid  is  applied  by  a  feather. 

f  Animal  life,  however,  does  not  appear  to  be  dcftroycd  by  any 
noxious  quality  in  this  air,  as  is  the  cafe  in  breathing  fired  air; 
bat  the  animal  dies  for  wunt  of  the  ncceirary  pabulum  of  oxygen 
gaf. 

4tHy. 
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4tMy.  Azo:ic  gas  is  rendered  reQ)irabIc  by  vegeu- 
hlcs,  wliicli,  in  certain  circumflanccs,  furnifh  vital  air. 
'I'iii^  jK-opci  ty  is  jjrobably  owing  to  their  retaining  the 
hvtliOL^c-n  of  the  watirr  which  they  abforb,  while  they 
pait  wicli  liic  oxyrj^eii.  There  is  no  doubt  that  azoiic 
f>.'.s  is  italiy  a  ccnllitucni  principle  of  the  atmofpherc  j 
for  ii'  fcvcnty- three  parts  of  it  are  mixed  with  iwenty- 
(tvcti  oi  pun*  air,  an  air  will  be  produced  refcmbling 
lli.it  of  the  atmtifphcre,  and  rcfpirable  as  that  is  *. 

i;clilv.  It  is  now  a  well  eftablifhed  fafl:,  that  the 
ezi,h',  or  balii  of  plilogifticaced  air,  is  literally  the  bafis 
of  the  nitrous  ;uid  f ;  for  being  mixed  In  proper  pro- 
portions with  oxygtn  or  pure  air,  which  is  neceflary  to 
give  to  tlicli;  bafes  tlie  acid  charafter,  and  ftt  on  fire 
by  palling  tlirough  them  an  ele£tric  fpark,  nitrous  acid 
is  unif<;rir,ly  protkiced,  as  is  evident  from  the  experi- 
ments of  Mr.  Cavendifli. 

6thly'.  L-ate  difcoveries  have  alio  evinced,  that  the 
vuUtile  alkali  is  formed  from  a  union  of  this  gas  tt'ith 
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OP  CARBONIC  ACID  GAS;  FIXED  OR  FlXABLE  AIR. 

TJbe  Bafij  of  this  Air  is  thi  tkmtntary  Matter  fsf  Chttrcoal,<^^Comhinid 
wth  Oxygtn.'^'Modes  of  producing  it.'^Fermentation.^^^uantity 
contaimd in  different  Kinds  ofWints^^^^CboakDamp.-^ProptrtitMof 
Fixed  Air^'^^Great  fpecijic  Gravity. ^^May  be  poured  out  tf  a  V^d 
like  Wat^^^Refifts  Putrefaaion^ 


IK  cnumfcrating  the  elementary  principles  of  bi6di<j$, 
it  will  be  recolleded,  that  coal,  or  cdrhon  (accord-^ 
ing  to  the  French  chemifts)  was  confidcrcd  as  a  fimple 
elementary  fubftance.  Carbonic  acid  gas>  however,  is 
by  no  means  entitled  to  this  charafter.  It  received 
the  name  of  carbonic^  becaufe  its  aftual  bafis  is  ;he 
matter  of  coal,  or,  more  properly,  charcoal.  It  is 
tailed  acid^  becaufe  a  quantity  of  oxygen  enters  into  its 
compofition.  It  is  denominated  a  gas^  from  the  mat- 
ter of  fire  which  gives  it  the  charafter  of  a  perma- 
nently elaftic  or  aeriform  fluid. 

As  this  was  the  firft  of  the  gaflTcs  which  excited  the 
Wtention  of  the  philofophers  of  Europe,  it  has  been 
diftinguifhed  by  various  appellations.  It  was  at  firft 
only  known  under  the  general  and  uncharafteriftic 
name  of  mephitic  or  (foul)  air  ;  when  it  was  found 
cxifting  in  large  quantities  in  a  fixed  or  folid  ftate,  as 
fti  fime,  chalk>  or  alkaline  falts,  from  which  it  might 
fce  expelled  by  the  adtion  of  heat,  fe  obtained  the  name 
ci fixed  or  Jhcable  air;  when  by  the'^ifual  tells,  and  by 
other  infallible  marks,  it  was  found  tp  poffefs  the  cha- 
rafters  of  an  acid,  it  was  called  by  the  learned  Bergman 

Vol.  I.  C  c  the 


386  Diffennt  Modes  in  which  (BookV. 

the  aerial  acid,  becaufe  it  could  be  obtained  only  in  a 
pure  or  uncomblned  ftate  in  an  aerial  form ;  and  from 
its  exifting  in  confiderable  quantity  in  chalky  &c.  it 
was  denominated  by  other  chemifts  the  cretaceous  or 
chalky  acid.     I  have  preferred  the  name  which  has 
been  adopted  by  the  judicious'Lavoinef,  as  more  in> 
mediately  exprefiivc  of  its  charafteriftic,  and  peculiar 
balis^  which  is  undoubtedly  the  matter  of  coal; 
.  The  proportion  of  the  materials  which  enter  into 
this  kind  of  air  is  about  eighteen  parts  of  oxygen  and 
feven  parts  of  that  matter  which  the  French  philofo- 
phers  denominate  carbon,  or  coal.     Ify  for  example^ 
charcoal  is  burnt  in  a  clofe  ve0el  with  oxygen  gas,  the 
air  which  remains  after  combuftion  is  carbonic  add 
gas,    By  the  experiments  of  Lavoifier  and  Dc  la  Place 
it  appeared,  that  one  ounce  of  charcoal  required  for  , 
its  combuilion  three  ounces  and  one-third  of  vital  air, 
and  produced  three  ounces  and  an  half  of  fixable  air. 

There  are  feveral  methods  of  procuring  fixed  or 
fixable  air,  or  carbonic  acid  gas ;  firft,  by  the  fertnen- 
tation  of  liquors,  in  which  operation  its  formation  is 
owing  to  the  combination  of  the  carbon  of  the  facharinc 
matter  with  the  oxygen  of  the  water. 

It  is  evident  that  a  great  quantity  of  fixed  air  is  pro* 
duced,  when  vegetable  or  animal  fubftances  (efpecially 
the  former)  are  in  a  ftate  of  vinous  fermentation.  In 
breweries  there  is  always  a  ftratum  of  fixed  air  on  the 
furface  of  the  fermenting  liquor,  reaching  as  high  as 
the  edge  of  the  vats;  and  it  is  owing  to  the  produce- 
tion  and  elafticity  of  fixed  air,  that  fermenting  liquors, 
when  put  into  clofe  vcffels,  often  are  known  to  burft 
them  with  great  violence. 

Dr.  Prieftley,  m  order  to  determine  the  quantity  of 

fixed  air  contained  in  feveral  Ipecies  of  wine,  took  a 

glafs  phial  (fitted  with  a  ground  ftopple  and  tube)  ca- 

6  pable 
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pAUt  of  containing  an  ounce  and  half  mcafure.  This 
he  fiUcd  with  wine,  plunging  it  into  a  veflcl  of  wacet. 
The  whole  wis  then  put  over  a  fire,  and  the  water  in 
which  the  phial  Was  phinged  fuffered  to  boil.  The  eild  . 
trf"  the  tube  in  tiie  ftopple  being  placed  under  the 
itiduth  erf  an  inverted  receiver,  filled  with  quickfilver, 
the  heat  expened  the  fixed  air  ^m  the  wine,  which, 
entering  into  the  receiver,  afccnded  in  bubbles  through 
the  quickQIver  to  the  top,  removing  in  its  pailage  ii 
part  of  the  metal,  and  alTuaiing  its  place  in  the  receiver. 
The  refult  of  the  Doftor's  experirtient  may  be  inte- 
refting  to  fome  readers,  4nd  to  others  it  may  at  le^ 
,  '*ffi>fd  entertainment. 

I  ^  02.  of  tAiAeva  produced  ^hv  of  u  oa-  laeaC  of  fixed  lin 
Pon  6  years  old  '  %x 
Hock  of  s  y*ari  -  ^'j 
Barrelled  CUret  •  yy 
Tockayof  16  year*  y'. 
Champagne  of  z  yean  -  3  oz.  meafura; 
Bottled  Cyder  of  la  yean  ^\ 

Fixed  air  may  be  cafily  obtained  by  mixing  togCthiX' 
equal  parts  of  brown  fugar  and  good  yeatt  of  beer,  and 
adding  about  twice  the  qxiantity  of  water.  This  mix*- 
ture  being  put  into  a  phial,  to  which  a  bent  tube  with 
a  coric  or  ftopple  may  be  adapted,  will  immediately 
ierment,  and  yield  a  confiderable  quanrity  of  fixed  air» 
which  may  be  received  into  a  phial  filled  with  quidt- 
filvcr  or  water. 

adly.  Fixed  air  is  produced  by  the  refpiration  of 
Animals  i  in  which  cafe  the  oxygen  of  the  air  infpired 
fiuviiihes  part  of  its  heat  to  the  fupport  of  life,  and 
combines  with  the  carbonaceous  or  coaly  mattet| 
which  is  difengaged  from  the  blood  in  the  lungs. 

jdly.  From  what  has  been  previoufly  Hated  it  is  evi- 
•AcaXf  diat  fixed  ur  may  be  produced  by  the  combu^ 
tioa  of  any  cubomtccous  or  coally  mutor. 

C  c  3  4.1WY* 
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•4thly.  Fixed  air  is  alfo  extricated  in  large  quanddes 
by  the  aftion  of  acids  on  calcareous  eardi. 

Fill  a  phial  or  a  glafs  receiver  with  water,  and  in- 
vert it  (in  the  fame  manner  as  defcribcd  in  the  chapter 
.  on  dephlogifticated  air)  in  a  bafon  half  filled  with  wa- 
ter. Then  put  fome  chalk'  or  marble  grofsly  pow- 
dered into  another  bottle,  fo  as  to  fill  about  a  fourth 
or  fifth  part  of  it,  and  pour  water  upoq  it  unril  the 
chalk  is  covered,  then  add  fome  vitriolic  acid  to 
it,  in  quantity  about  the  fourth  or  fifth  part  of 
the  water,  and  apply  a  cork  with  a  tube  as  before 
to  the  bottle,  fo  that  the  extremity  of  the  tube  may 
pafs  through  the  water  of  the  bafon  into  the  neck  of 
the  other  botde  which  is  inverted  in  the  water.  The 
'rtiixture  of  chalk  and  oil  of  vitriol  will  then  begin  to 
cfFervefce,  and  heat  is  produced,  which  may  be  felt  by 
applying  the  hand  to  the  outfide  of  the  veffel.  Fixed 
air  is  copioufly  emitted  from  this  mixture,  and,  pafling 
through  the  bent  tube,  will  proceed  into  the  botde  in- 
verted in  the  water,  and  afcend  to  the  top  of  it.  By 
thefc  means  the  inverted  bottle  may  be  filled  with  fixed 
air,  and  being  corked  under  water,  may  be  removed 
from  the  bafon  and  kept  for  ufe. 

5thly.  Fixed  air  is  alfo  expelled  in  large  quantiries, 
by  the  application  of  htat  only,  from  lime,  chalk,  mag- 
nefia,  or  alkaline  bodies,  in  what  is  called  their  mild 
ftate,  oppofed  to  cauftic;  and  by  the  experiments 
of  Dr.  black  it  was  found  that  this  fubftance  con- 
ftituted  nearly  one-third  of  the  weight  of  thofe  bodies. 
The  alkalies  and  calcareous  earths  have  confequently 
a  very  powerful  attraction  for  this  fluid  in  their  cauftic 
.  ftate  J  and  it  is  therefore  eafily  condenfed  by  agita- 
tion with  lime  water,  as  has  been  already  intimated. 

This  gas  was  long  known  to  miners  by  the  name  of 
choak  damp^  fo  called  from  its  fatal  fuffbcating  eflTefts; 

and 
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'  and  its  properties  may  be  enumerated  in  ftw  words. 
ifl.  It  cxtinguifhes  flame.  2(1.  It  is  fatal'  to  animal- 
Kft.  3d.  It  is  heavier  than  common  air.  4th.  From 
its  acid  charafter  it  refifts  putrefadion.  5th.  It  ren- 
*  ders  alkalies,  &c.  mild.  6th.  Water,  under  the  com- 
mon preffure  of  the  atmofphcre,  and  at  a  low  tempe- 
rature, abforbs  fomewhat  more  than  its  bulk  .of  this' 
gas,  and  in  that  ftate  conftitutes  a  weak  acid  rather 
agreeable  to  the  tafte,  whence  fixed  air  is  a  conftituent 
principle  in  moft  mineral  waters  j  indeed  the  water  of 
springs  and  rivers  is  feldom  free  from  it.  7th.Jiis 
alio  a  conftituent  principle  of  all  fermented  liquors. 

If  a  lighted  wax  taper  is  let  down  into  a  bottle  filled 
.with  fixed  air,  the  flame  will  be inftantly  extinguiflied, 
and  an_  animal  inclofed  in  a  vefTel  which  contaitu  it  will 
immediately  expire. 

This  fixed  air  will  be  found  to  be  much  heavier  than 
common  air ;  its  fpecific  gravity  being  to  that  of  com- 
mon air  as  151  is  to  100. 

From  the  greater  weight  of  this  gas  it  always  fells 
to  the  bottom  of  the  veflel  m  which  it  is  contained. 
An  animal  (as  was  before  obicrved)  introduced  into  a 
ftratum  of  this  air  immediately  expires ;  and  it  b  ow- 
ing to  the  prefence  of  this  fluid  that  the  Grotto  del 
Cani  in  Italy  is  fatal  to  animals  whofe  organs  of  refpi- 
ratioh  are  placed  below  the  level  of  the  mouth  of  thai 
cavern.  This  gas  may  be  poured  out  of  one  velTel 
into  another  like  water,  or  may  be  poured  on  a  can- 
dle, which  it  will  extinguith  as  efFcftually  as  that  fluid. 
Among  the  moft  ufefiil  properties  of  fixed  air,  it 
has  been  remarked,  that  water  impregnated  with  it 
becomes  a  powerful  antifeptic.  Moft  of  the  famous 
mineral  waters  may  be  imitated  by  impregnating  wa- 
ter with  fixed  air,  and  then  adding  that  quantity  of  lalt 
<jr  metal,  chiefly  iron,  which  thofc  minsral  waters,  by 
C  c  3  analyfiSg 
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apalyfiS)  ape  kno^n  to  contain.  It  is  from  this  pro^ 
perty  of  pre  vendng  putrefadion,  that  fixed  air  and  vege« 
tis^esi  fugari  and  other  fubftanccs>  which  abound  with 
^at  principle^  are  fuppofed  to  be  powerfiil  remedies^ 
in.  putrid  difeafes. 

Fixable  ajr  not  only  preferves  fruity  but  iheat  alfo^ 
from  putrefaAion,  and  that  for  a  very  coi^crablc 
tiaie^  and  even  in  the  hotteft  weather. 
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INFLAMMABLE  AIR  OR   HYDROGEN   GAS^ 

# 

ms  Gaj/orjhs  tbi  Bafis  of  Wattr.^'^Troportion  of  Hydrogen  andOxy* 
gen  'which  enter  into  the  Comfofition  of  JVater.^^Modes  of  procuring 
inflammable  Air^^Ignes  Faiui.^^Fire  Damp  in  Mines, ^-^Light eft  of 
«//  Fluids ^-^RemarkMe  Froperties.'^AJfe  in  Air  Balloons j-^^Qurioui 
ftrial  Fireworks  n 


TO  that  fluid,  which  wc  term  inflammable  air,  the 
French  chemifts  have  given  the  name  of  hydro- 
gen gas,  becaufe  its  bafis  is  the  peculiar  conftituent  part 
of  water;  but  what  this  bafis  maybe  in  its  nature, 
whether  fimple  or  compound,  is  at  prefent  unknown, 
becaufe  it  cannot  be  feparated  from  the  heit  or  caloric 
which  gives  it  the  aeri^il  form,  without  fixing  it  in 
another  fubftance. 

According  to  M.  Lavoifier,  water  is  cdmpofed 
of  eighty-five  parts  of  oxygen  and  fifteen  parts  of 
hydrogen.  This  philofbpher  has  inftrufted  us  in 
the  following  method  of  obtaining  this  gas  by  heat 
only  f. 

Let  water  pafs  drop  by  drop  through  the  barrel  of 
a  gun>  while  it  remains  red  hot  amidft  burning  coals  j 
let  a  crooked  tube  placed  at  the  end  of  this  Iron,  and 

•  'T^arp  (hydor)  "  water"  and  yiiw^«»  (geinomai)  **  to  pro- 
duce.'* 

f  Briflbn,  torn.  ii.  p.  73. 
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:  u  =r=  ^immdit  ^-  amy  htfrwcmU.  fSb^  V. 
"r«=ic  i  -or  X  =3t  be  pafid  inu  ■  ^A  vrflU  JUI  of 
*3=r  uTtrrd  is  :ie  panHmdc  wf^anxm.  That 
■*a  -c::  r^  :=c:  ae  ^ifc  vcflU  ai  mifomi  Boidi,. 
vLcr  £  viri:~r-AZ^  sir  or  IqJiueui  gu^  IbiIm 
ri-xaa  =a:  «32;r  fjfcxs  m  Aawyofiiion,  and  liUe 
nc  17.^77^=:  ^a5a  iao  lie  |^i&  receiver,  the  oxjigai  j 
aiins  v:r=i  ^^c  :'.xdiaceaf  Ae  gis  bami^  udcnqk 
ccrs  ;r  rj3  :3  bread  Ibi6crw 

S~  ~virs  zi  brsis^  bovevcr,  inflammfale  ur  W9f 
bt  cctxse-i  i::  graas'  abondance,  and  vhh  raoie  Ch 
clirr.  ''X'zcz  -szct  zJBC,  or  nn,  sic  aAed  upoo  hf 
i£lL£r;  v:r-.>.0.  rr  ruiinc  adi^  cooBdnafalc  qoann-  ' 
zcf  ::'  :i-s  ris  irr  exakaicd.  In  this  cafe  tlfo  Ac; 
•w^z:^  ji  irr.'Z'rc:^,  as  b  pbia  from  the  ooluxft* 
^i^i-r~\.^z  i^  =oE  anfwering  ifae  fame  cndtii' 
t'jt  i^-.^r-^.  e'."£r  ia  finifiiuig  the  air  or  diSdviig.  . 
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inverted  bottlci  ib  as  to  permit  the  bubbles  of  air 
vhich  rife  to  be  received  in  the  inverted  bottle  j  and  ' 
fhis  air  nill  be  found  to  be  inflammable. 

The  ignes  fatui  arc  fuppofed  to  proceed  from  the 
inflammable  air  which  abounds  in  marfhy  grounds, 
and  to  be  fet  on  firt  by  eleftric  fparks. 

This  gas,  as  well  as  fixed  aifi'  was  long  known  to 
miners  before  it  was  noticed  by  philofophers ;  and 
among  the  colliers  and  other  workmen  of  that  clafs,  it 
obtmned  the  name  of  the  fire  damp.  It  is,  however, 
ieldom*  found  pure  in  tnines  or  coal  works,  but  is  gene~ 
rally  combined  with  fulphureous  matter,  or  what  is 
called  hepatic  gas,  or  with  carbOntc  acid  air;  and  this 
admixnire  varies  its  fpccific  gravity,  and  in  general 
'  renders  it  fomething  heavier  than  pure  inflammable 
air.  The  fire  damp  generally  forms  a  whitifh  cloud 
in  the  upper  part  of  the  mine,  and  appears  in  fome- 
thing of  a  globular  form ;  from  its  levity  it  will  not 
tftix  with  the  atmofpheric  air,-  unlcfs  Ibme  agitation 
takes  place ;  and  it  is  difpofed  to  lodge  in  any  little 
cavity  in  the  fuperlor  part  or  roof  of  the  mine. 
When  it  appears  in  this  form,  the  miners  generally 
fet  fire  to  it  with  a  candle,  Jying  at  the  fame  time 
flat  on  their  faces  to  efcape  the  violence  of  the 
Ihock.  It  will  not,  however,  take  fire  unlefs  in 
contact  with  atmofpheric  air,  for  the  obvious  rea- 
fon,  that  a  mixture  of  oxygen  gas  is  ncceflary  to 
its  inflammation.  The  danger  ariles  entirely  from 
its  inflammability  on  the  approach  of  any  ignited  body, 
for  when  the  fire  damp  confifts  of  pure  inflamma- 
ble air,  the  explofion  is  like  that  of  gunpowder; 
but  when  it  is  mixed  with  carbonic  acid,  it  bums 
with  a  lambent  flame.  The  eafi^ft  and  fafeft  me- 
thod, therefore,  of  clearing  the  mine  from  this  for- 
midable Buid  is  by  leading  a  long  pipe  through  the 
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iii;ift  of  the  iTiirie  to  the  afh-pic  of  a  furnace,  when 
i!ic  irflaiiKiiablv  vapour  will  be  conftantly  aUra6tedto 
fad  rlic  NIC. 

Dr.  Pricftky  has  fiiRiciently  proved  by  expcri- 
n'A'.iis,  iiuic  [here  is  no  acid  contained  in  inSammable 
.t:r.  H.'  alfo  a(],-i:s  that  charcoal,  by  the  heat  of  a 
biirniD^i;  Ini:,  m.'.y  be  aJmoft  totally  converted  into 
this  kind  of  air,  bjt  that  fome  moifture  is  neeeOary 
in  the  pro'tii.  The  neceflity  of  moifture,  how- 
tvtr,  to  th-^  I'liccers  of  this  experiment)  fufficiently 
evinces  tlif  f.ili.icy  of  the  conclulion  which  has  been 
drawn  r;oin  it.  Perfectly  pure  charcoal,  abflrafted 
from  every  oth;T  body,  is  intiedruftible  by  heat. 
Where,  liov/evci-,  there  is  moifture  there  is  water. 
In  this  cile  the  oxygen  of  the  water  is  attracted  by 
the  c;irbon,  foiniing  with  it  carbonic  acid,  and  the 
hydrogen,  the  otlier  confiituent  part  of  water,  rifcs 
to    chtr    top    of  the    receiver.      Pure    hydrogen  i 
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i^teb  mcy  be  Agaia  expdted  by  heat,  and  will  thed 
W  eqvjaUy  inflammable  «  before,  ^dil/.  Hydroges 
pih  qr  ii^Eunixudjle  «ir»  b  6it^  t6  animal  lire;  10 
iroof  of  which  Mr.  Cavallo  idatcs,  that  the  Aj>bc 
F«itaBa,  hayiag  filled  ia  his  presence  %  Iftr^  bladder 
vith  inflammable  air,  began  to  breathe  it,  af^r  baftog 
Bade  a  violent  expiration.  The  firft  in(pirarion  pro-' 
luccd  a  painful  op^tTKKi  on  his  lungs  -,  the  fecond 
aufed  him  to  look  pale  ;  and  the  third  was  fcarcely: 
lccomplifhed>  when  he  fell  on  his  knees  through 
ireakncfs.  Small  animals  are  alfo  killed  by  a  very 
few  infpirations  of  this  noxious  fluid.  7thly.  This 
gas  \&  laid  to  have  a  fmaller  Ihare  of  refrafiiive  power 
than  common  air. 

It  is  on  account  of  its  lighmefs  that  hydrogen  gas 
has  been  moft  frequently  employed  in  aeroftatioq. 
The  method  of  filling  a  balloon  is  only  enlarging 
die  procefs  wliich  has  been  defcrlbed  for  producing 
Inflammable  air  on  a  fmall  fcale. 

Very  pleafing  fireworks  may  be  made  from  this 
gas,  by  fillmg  bladders  with  it,  and  fixing  brafs 
cocks  to  them,  by  means  of  which  the  gas  may  be 
dilperfed  into  any  number  of  glafs  tubes  bent  In  va- 
rious Ihapes,  and  with  fmall  holes  in  various  parts 
of  Aem;  then  by  prcffing  the  bladders  more  or  Jefs, 
as  occafion  may  require,  the  gas  will  pafs  into  the 
tubes,  and  iffue  out  of  the  fmall  holes,  to  which  a 
lighted  taper  may  be  applied;  by  thcle  means  the 
air  will  take  fire,  and  will  continue  to  burn  until  the 
courfe  of  it  is  flopped  by  (hutting  the  cock  at  the 
neck  of  tlie  bladder^.  Thefe  aerial  fireworks  may  be 
made  to  reprefent  different  figures,  cither  movable 
pr  immovable,  and  may  be  ornamented  with  different 
colours.  The  white  coloured  flame  is  produced  by 
hydrogen  gas  procured  from  commoa  coalj  again, 

1^ 
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by  mixing  aa  equal  quanticy  of  this  air  with  atmofpbe 
airi  a  flame  (^  a  blue  colour  will  be  produced  \  \ 
pure  hydrogen  from  metals  fiimiihes  a  red  flan 
and  if  by  breathings  fome  carbonic  acid  gas  or  flxal 
air  is  added^  the  flame  will  appear  beaudfully  ting 
with  purple  *. 

^  See  BriiTon^  torn.  ii«  p«  8^. 


Chap.  6.]  [    397    3 


Chap.    VI. 


.   NITROUS  AIR  OR   GASi 


Katun  of  this  Fluid. — Ho^v  produceJ^^^Its  Properths^^^Rififij  Puiri^ 
Jk3UM,'^Mfirbs  und  condinfts  fwre  Air.'^Tbt  Eudiomiter. 


NI T  R  O  U  S  gas  ought  properly  to  be  confidercd 
as  an  intermediate  ftate  of  that  elementary  Tub* 
fiance  which  is  the  bafis  both  of  azotic  gas  and  nitrous 
'  acid.  Azote,  perfedUy  faturated  with  oxygen,  forms 
pale  nitrous  acid ;  with  a  fmaller  portion,  it  conftitutes 
the  ordinary  orange-coloured  and  fuming  nitrous  acidi 
with  ftiU  lels,  it  becomes  nitrous  gas ;  and  when  wholly 
'  uncombined  with  oxygen,  is  denominated  azotic  gas. 
In  the  ftate  of  azotic  gas  it  is  infbluble ;  but  in  pro- 
portion to  the  quantity  of  oxygen  with  which  k  is 
combined,  its  difpoficion  to  aflume  an  aeriform  ftate  is 
dioiinifhed,  and  its  attraction  for  water  increafed. 

In  order  to  produce  nitrous  air,  put  copper,  brafs,  or 
mercury,  firft  into  the  bottle  (with  the  feme  apparatus 
as  for  the  other  airs)  fo  as  to  fill  about  one-third  of  it, 
then  pour  a  quantity  of  water  into  it,  fo  as  juft  to  cover 
the  metal  filings ;  and,  laftly,  add  the  nitrous  acid,  in 
quanuty  about  one  half  or  one-third,  according  to  the 
ftrength  which  is  required.  Nitrous  air  contains,  in 
ICO  grains,  68  of  oxygen,  and  32  of  azote. 

On  its  relation  to  the  nitrous  acid  the  diftlnguiflnng; 
properties  of  this  gas  will  be  found  to  depend. 

I  ft:.  Nitrous  air  is  as  invifible  and  tranfparent  as  com- 
mon air  i  in  its  fmell  it  refembles  nitrous  acid.  Though 

*  this 
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this  kind  of  air  cxtinguifhes  flame,  it  may,  by  certain 
proceffes,  be  brought  to  fuch  a  ftatc.  that  a  candle  will 
burn  in  it  \^  ith  an  enlarged  flame>  and  it  then  becomes 
what  Dr.  Prieftley  calls  depblogifiicated  nitrous  air.  Its 
fupporting  flame  in  this  inftance  evidently  depends  on 
the  large  quantity  of  oxygen  which  enters  into  its  com- 
poflcion. 

2d.  When  oxygen  or  empyreal  air  is  added  to  ni- 
trous air,  ic  imparts  to  it  the  acid  charaAer,  and  it  be- 
comes true  nitrous  acid.  Mr.  Cavendifh  impregnated 
fifty  ounces  of  diftilled  water  with  fifty-two  ounce  mca- 
fures  of  nitrous  air,  mixed  with  as  much  cbmnloti  ttr 
as  was  neceifary  to  decompound  it.  The '  water  dios 
impregnated  was  fenfibly  acid,  and  being  diftilled,  the 
firft  runnings  were  very  acid,  and  fmclt  pungent :  Wb* 
came  next  had  no  tafte  or  fmell  -,  but  the  laft  rurmingl 
were  very  weak  nitrous  acid  *. 

3d.  Of  all  the  diflPerent  fpecies  of  air,  this  feem^  ft* 
moft  noxious  to  animal  life.  Infc6b,  which  can' bear 
azctic  and  inflammable  air,  will  die  immediately  up6n 
their  being  immcrfed  in  this.  Even  fiflies  will  n<ft 
live  in  water  impregnated  with  it. 

It  may  feem  extraordinary  that  nitrous  gas,  which  H 
of  fo  deleterious  a  nature,  and  fo  oppofite  in  its  qualities 
to  common  air,  fliould  yet  fubftantially  conGft  of  tht 
feme  principles,  differing,  however,  in  the  proportions. 
To  remove  the  difficulty,  it  v/ill  be  neceifary  to  recol- 
left  what  has  been  more  than  once  intimated  concern- 
ing tlic  difference  between  mixture  and  combination.  Irf 
fimple  mixture  the  two  bodies  ftill  retain  their  own 
diftinft  properties ;  but  in  chemical  combination  a  third 
fiibftance  is  formed  from  the  two,  entirely  different 
from  both  in  its  nature  and  prcyperties.     Thus,  fronT 

•  Phil.  Tranf.  for  178^ 
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marine  actd  or  ffHrit  of  fait,  and  cauftlc  alkali,  both  ex- 
tremely corrofive,  is  formed  that  innocent  and  whole- 
Ibmc  fubftance,  common  fait }  and  from  two  fubftancec 
Innoxious  to  the  human  frame,  fulphur  and  oxygen. 
vkrit^ic  acid,  orfpiric  of  vitriol,  is  formed. '  In  com- 
mon air,  azote  and  oxygen  arc  indeed  in  a  flate  of  mix- 
ture, but  they  are  not  combined;  for  to  make  them 
enter  into  a  ftatc  of  cotdDination,  the  operation  of  a 
'  ftrong  agent,  foch  as  fire  from  the  eledlric  fpark,  ts 
neccffary,  and  without  this,  azote  appears  to  have  little 
o^no  attraftion  for  ox.ygen.  In  the  ordinary  procefs 
of  rclpiration  the  mixed  fubftiances  are  inhaled;  and  . 
it  is  probable  that  they  are  foon  again  feparaced  in  this 
pntceis,  and  each  differently  difpofcd  of.  In  nitrous 
ffSt  che  azote  and  oxygen  are  in  a  Itate  of  chemical 
combination,  and  it  is  a  third  fubftance  different  in 
qualities  from  both ;  it  is,  indeed,  an  imperfeA  nitrous 
add  in  an  aerial  form ;  .tliough  azote,  therefore,  in  its 
fimple  uncombined  flate,  has  no  attraAton  for  oxygen, 
k  is  different  when  by  combination  it  becomes  an  acid ; 
it  baa  then  a  ftrong  attr<ii5tion  for  that  fubftance  which 
4s  neceflary  to  give  it  the  true  acid  character,  and  it  will 
abforb  it  till  it  arrives  at  what  the  chemifts  call  the 
point  of  fiituraiion,  that  is,  till  it  is  made  a  perfect  acid  j 
jud  this  is  the  reafon  that  it  fo  rapidly  attrafts  and  con- 
ifeofes  the.pure  air  of  the  atmofphere. 

4th.  Nitrous  air  pofTcilcs  the  property  of  preferving 
animal  fobftances.from  pmrefaftion,  and  of  reftoring 
i^uaSc  already  putrid,  in  a  fttll  greater  drgree  than 
fixed  ail*,  and  on  this  the  antifcptic  power  of  nitre,  may, 
perhaps,  chiefly  depend.  On  putting  two  mice,  the 
one  juft  killed,  the  oilier  putrid  and  foft,  into  a  jar  of 
mtrous  air,  and  letting  them  continue  in  it  twenty-five  ■ 
days,  in  the  months  of  July  and  Auguft,  there  was  litde 
or  00  change  in  the  quantity  of  airj  both  mice  were 
perfcftly 
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perfciftlv  Tweet;  the  firft  quite  firm,  the  flefh  of  the 
fccond  ftill  fofr,  but  not  in  the  leafl:  putrid.  From  theft 
experiments  Dr.  I'ricftley  recommends  nitrous  air  ai 
an  antileptic.  Unfortunately,  however,  though  ann 
mal  fubftances  may  be  prcfcrved  from  putrefaction  for 
ievcral  months  by  nitrous  gas,  yet  they  become  dry, 
diftorted,  and  ofFenfive  to  the  palate,  lb  as  to  render 
the  difcovery  of  linlc  public  uciHty. 

5t)i.  The  fpccitic  gravity  of  nitrous  air  is  to  that  of 
the  ;umof[)herc  as  1195  to  1000. 

6th.  One  of  the  moft  remarkable  properties  of  tiiif 
air  is,  that  it  condcnfos  or  diniiniflies  in  bulk  with  oxy- 
gen or  dephlogi'licated  air,  by  which  means  it  becomes 
a  tcfl  with  rirfpt-iSi:  to  the  quantity  of  that  pure  clemcnl 
ccmcaincd  in  thi'  atmofphere.  With  pure  dephlogifti* 
caret!  air  the  diminution  is  almoft  to  nothing,  at  tht  ■ 
r.me  time  that  nitrous  acid  in  ibmc  quantity  is  repro- 
duced by  the  condcnfation  of  the  nitrous  air  ;  but  as  the 


mon  air,  marking  the  height  of  the  water  at  every  one 
rcfpcdlivcly.  After  this  proccfs,  if  three  meafures  of 
cither  nitrous  or  common  air  are  introduced  into  the 
tube>  they  will  caufe  the  water  to  fubfide  to  the  third 
mark  $  but  if  two  meafures  of  common  air  and  one 
meafure  of  nitrous  air,  or  one  meafure  of  the  commoa 
and  two  of  the  nitrous  air,  are  put  into  the  tube,  they 
will  fill  a  fpace  much  (hort  of  the  third  niark.  When 
thde  two  kinds  of  air  come  firfl:  in  contaft,  a  reddifh 
appearance  is  perceived,  which  foon  vani(hes>  and  the 
water^  which  at  firft  nearly  reached  the  third  mark, 
vifes  gradually  into  the  tube,  and  becomes  nearly  fta« 
dooaiy  after  about  two  or  three  minutes,  by  which  ic 
appears,  that  the  diminudon  takes  place  in  a  gradual 
way. 

Nitrous  air  is  neither  fbluble  in  water  nor  pofleiTea 
any  (igns  of  acidity ;  for  it  has  not  the  power  of  change 
ing  the  blue  colour  of  vegetables  red,  unlefs  it  is  mixed 
Hdth  eommpn  or  dephlo^fticated  air,  by  which  it  ac<« 
quires  *th(  true  acid  charafter^ 
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OF   HEPATIC.  GAS. 
Ifatuxt  ^ /hit.Gat.—'MMiH  tf  frtJucing  tf.—lH  Preftrfiti.-'J  ebi^ 

0 

MGengembre,  who  has  made  an  analyfis  of  Ah 
#  kind  of  air,  regards  it  as  a  combinatioii  ofpive 
hydrogen  and  fulphur.  The  moft  proper  metkod  oC 
obtaining  it  is  by  pouring  marine  acid  on  liver  of 
fulphur  ^  "wkich  extricates  it  in  confiderablelqiKuititiei. 
It  i&  equall}^  produced Aom: all  livers  of  fu^beri  ^^* 
ther  they  aie  niade  ivithiUcaiis  or  earths.  SjKTarknii 
expcrimhitSy.  however,  ir  mwi  firems  w  b€  aftrftaine^ 
that  as  hepatic  gas  is  compofed  of  fulphur  and  hydro- 
gen in  certain  proportions,  it  cannot  be  produced  ex- 
cept water  is  prefent,  the  decompofition  of  which  af- 
fords the  hydrogen.  Thus,  if  marine  acid'air  is  ap- 
plied to  very  dry  liver  of  fulphur,  fcarcely  any  hepatic 
gas  is  produced,  from  the  defedt  of  humidity.  Liver 
of  fulphur,  when  heated,  affords  hepatic  gas  with  the 
addidon  of  mere  water  without  acid.  In  this  cafe  alfo 
the  water  is  decompofed ;  its  hydrogen  unites  with  part 
of  the  fulphur  to  form  hepatic  gas,  while  the  oxygco 
of  the  water  uniting  with  another  part,  produces  vi- 
triolic acid,  and  this  with  the  alkali  forms  a  neutral  fait 
which  will  be  defcribed  in  treating  of  vitriolic  (alts. 

*  A  fubflance  ufually  formed  from  fixed  glkali,  or  (alt  of  tarur, 
and  fulphur,  combined  by  heac 
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ift.  Hepatic  gas  is  very  foluble  in  water,  which  ic 
converts  into  a  ftace  perfeftly  rcfembling  that  of  fuU 
phureous  niineral  waters,  ad.  It  detonates  with  vital 
air  when  fet  on  fire.'  jd.  Ic  is  hot  clearly  afcertained 
in  what  manner  fulphur  is  fufpended  in  hepatic  gas. 
Sulphur  nrielted-  by  a  burning  ghls,  in  inflammable  air 
over  mercury,  produces  a  fluid  which  has  the  proper- 
ties of  hepatic  gas ;  and  if  inflamrnable  air  is  pad^' 
through  fulphur  in  fufion  it  is  converted  ii|to  hepatfic 
gas.  4th.  The  fmellof  this  air  is  very  unplealant,  and 
its  vapour  has  a  very  difagreeabte  effeft  upon  many 
metallic  fubftances,  particularly  filver,  lead,  copper, 
&c.  deftroying  their  colour,  and  rendering  them  zU 
moft  black.  5ch.  It  is  extremely  pernicious  in  r^iM-. 
radioh.  6th.  It  may  be  decompofcd  by  yitrio)ic  and 
nitrous  air,  by  vital  air,  and  by  the  contaA  of  atmp-. 
(pneiic  afr,  in^which  cafe  it  depofits  fomc  fulpKur.  Its 
great  attraftion  for  fome  of  die  metals  and  tfieir  calces, 
inakes  it  the  bafis  of  fome  fympathetic  inks. 

The  volatile  alkali,  and  moft  of  the  acids,  may  be 
made. to  aflume  an  aerial  form,  and  have  been  diftln- 
guifhed  under  the  appellation  of  alkaline  and  acid  airs; 
it'iis'  unneceffary,  however,  to  introduce  the  fubjeft  in 
this  place,  arid  it  will  be  bettei"  underftood  when  the 
adds  and  alkalies  are  treated  of,  as  they  will  be  In  the 
iuc^^eeding  book. 
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Chap.     VIH.  ,' 

of  atmospheric  air. 

Atm^^t  ta»p»fid  Khitfy  e/rm  Kinds  a/ Jin—Cmlaim  alfi  FixU 
Air,  and  ensficsallj  eibtr  SMiJltaai, — Bftdi  ef  ihii  Mixiurt  m 
Mttali  nW  Purf/i  Ojtt-—Mt»n$  e/ piiri/jtag  thi  Ata^btrt fh9 
Fixtd  Air,  and  putrid  Vafaitri^EffiSt  af  Meijiart  imlatMd  in 
Aif.'-Tbi  Hyd'tmittr. — CtU  /«  ib*  bighir  Rigioai  af  tit  Jim- 
Jibtrt^Caufi. 

WHATEVER  has  been  hitherto  Itated  rclatirt 
to  the  different  fpecies  of  elaftic  fluids  is  chiefly 
important,  becaufe  the  knowledge  of  the/e  fluids  is 
neceflary  to  enable  us  to  comprehend  the  nature  of 
that  atmofphere  in  which  wc  cxift,  and   which  is  in- 
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or  refpirable  air,  and  that  the  remaining  three-fourths 
trc  unfit  fur  refpiration,  and  equally  unfit  for  cgmbuf- 
tion,  fince  the  fame  fluid  which  fupports  flame  is  found 
equally  to  contribute  to  the  fupport  of  animal  life. 

By  the  gradual  introduftion  of  nitrous  air  into  a  dole 
veflel  filled  with  atmofpheric  air,  it  will  be  found  that 
about  a  fourth  part  of  the  whole  bulk  of  the  air  will 
difappear;  the  fane  quantity  is  in  effeft  deftroycd  by 
the  combufl:ion  of  any  inflammable" fubftarice,  and  the 
combullion  gradually  ceafes  in  proportion  as  that  fluid 
is  dimmiflied  which  is  jieceflary  to  its  fupport. 

The  fame  quantity  is  deftroycd  by  the  procels  of  re- 
»  Ipiration.  Putrefadion  alfo  feparares  the  pure  air; 
and  the  power  of  feparating,  and  alfo  of  reuniting  the 
two  fluids,  which  laft  may  be  done,  when  both  are  pro- 
duced by  artificial  means,  very  fufliciently  proves  them 
diftindt  in  their  nature  and  properties,  and  alfo  i^at 
they  are  united  in  the  air  of  our  atmofphcre. 

Azotic  g^s  being  fpecifically  lighter  than  oxygen,  it 
might  naturally  be  fuppofed,  that  fince  they  only  exifl 
in  the  atmofphere  in  a  mixed  flate,*  and  not  in  a  flate  of 
chemical  combination,  a  fpontancous  feparation  would 
take  place,  and  that  the  azote  would  occupy  the  higher 
regions  of  the  atmofphere;  whereas  it  is  found  by  ex^ 
perimepts  with  the  eudiometer,  that  the  upper  regions 
of  the  air  aftually  contain  a  greater  proportion  of  oxy- 
gen than  thofe  nearer  the  furface  of  the  earth.  Whether 
this  is  to  be  attributed  to  the  attradtion  which  azote 
may  have  for  the  earth,  or  to  fome  unknown  property 
in  the  oxygen,  we  cannot  now  determine,  and  can 
only  take  the  fad  as  it  ftands,  without  attempting  its 
explanation  *• 

*  A  mixture  of  empyreal  and  inflammable  airs  (the  latter  of 
which  is  mach  lighter  than  the  former)  remaining  all  night,  was 
found  the  next  morning,  in  the  moft  perfeA  ftatc  of  mixture, 
and  the  fXt^nc  fpark  pafFed  through  than  with  the  ofual  effed, 
Prieflkfi  ExferimcntSf  vol.  vL  p.  27. 
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From  the  great  confumption  of  oxygen  by  venous 
natural  and  ardficial  procefles,  it  mig|it  be  ezpcdrd 
that  a  deficiency 'of  this  fluidMn  the  adnofphere  jnig^t 
iometimes  occiir ;  but  the  wifclom  of  Providence  is 
'    evident  in  this,  as  well  as  in  every'  other  inllance ;  for 
we  have  already  feeh  that  the  procefles  in  najture  which 
dpftroy  this  air  are  ne^ly  balanced  by  thojie  which 
produce  it.    A  ferii^s  of  experiments  were  made  at 
Stockholm  by  the  indefatigable  Scheele,  to  afcertau 
the  goodnefs  of  the  air  dtiring  twcry  day  in  the  CQurie 
of  a  year.     He  found  that  dijb'diminution  by  tfie  eudio- 
meter never  exceeded  one-third^  nor  was  ld&  than  eig^ 
thirty-thirds.     The  quantity  df  vital  air*  was  leaft  in 
March,  November,  and  December,  and  in  general  \&  * 
in  the  winter  than  in  the  funimcr  months,  which  may 
be  attributed  to  the  redundant  fupp|y  of  this  patter 
by  tfie  copious  vegetation  which  takes  place  zt  thtt 

period.    The  air  at  fea  is  generally  found  in  a  purer 

^  .     ,    %^  ^  ,    ......■.■*..^.,^.-t^- 

ftate  than  at  mland  places. 

Extraordinary  as  this  mixture  of  fluids  in  the  at- 
mofpherc  niay  appear,  it  is  effential  to  our  health,  and 
even  our  exiftcnce,  and  demonftrates  no,lefs  the  wif- 
dom*  and  goodnefs  of  Providence,  than  all  his  other 
•  beneficial   appointments.     This  pure  vital   air,  fays 
BrifTon,  lb  wholefome,  fo  neceflary  in  a  moderare  quan- 
tity; like  fpirituous  liquors,  or  falutary  medicines,  muft 
be  ufed  with  precaution,  and  would  be  fatal  in  the  ex- 
cefs.     If  we  were  indeed  to  breath  pure  or  pxygeo 
air  Without  any  mixture  or  alloy,  we  fhould  infaUibly 
perifli  by  the  unnatural  and  fatal  accumuUtion  of  heat 
in  our  bodies;  if,  again,  the  whole  atmofpherc  was 
compofed  only  of  vital  air,  combuftion  would  not  pro- 
ceed in  that  gradual  and  moderate  manner  which  is 
neceffary  to  the  purpofcs  of  life  and  of  fociety;  and 
even  iron,  and  the  metals  themfelves,  would  blaze  with 

arapid^ 
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a  rapidity  ■wfiich  would  Carry  dcftruftion  tKrough  the 
whole  cxpanfe  of  nature. 

The  air  of  our  atmofphere  Is,  however,  not  fo  fimple 
a  fubftamce  as  to  be  formed  only  of  two  ingred/enrs. 
Befidcs  Ac  fmall  portion  of  carbonic  gas  Or  fixed  air 
which  it  contains,  equal  to  one  hundredth. part)  as  was 
intimated  in  the  beginning  of  this  chapter,  it  is  alfo 
well  known  that  a  large  portion  of  water  is  ufually  held 
in  the  atmofphere,  fomctimes  in  a  Itate  ofperfefb  fo- 
lurioti,  or  «iltirely  invifible,  and  fometimes  vlfiblc  fh 
the  form  of  mifts  and  clouds.  The  atmofphere  is  alfo 
the  general  recipient  of  alLthofe  fubilances  which  are 
fulgeft  to  evaporation,  and  which  prefcrve,  their  aeri- 
form ftate  under  its  ordinary  heat  and  prelTure. 

From  the  mixed  nature  j>f  the  mafs,  and  particu- 
larly from  the  mixture  of  carbonic  acid  gas  or  fixed  air, 
ftveral  effefts  are  produced,  and  fome  of  them  it  may 
be  proper  to  notice.  Fixed  air  being  in  reality  an  im- 
perfcift  acid,  contributes  to  ruft  metals,  and  to  change 
the  cohjur  of  fuch  purple  dyes  as  art  prod'iicoif  fiom 
vegetable  fabftances.  This  is  an  eifcift  which  moft 
perfons  have  noticed,  though  the  caufe  has  not  been 
underitood;  and  the  delicate  nature  of  thtfe  colours 
has  been  almoff  an  invzriable  objctflion  againlT:"  their 
«fc. 

The  air  of  the  atmofphere  is  mnft  generally  injured 
by  the  deftruftion  of  the, pure  part,  and  the  gcncTation 
of  carbonic  acid  gas,  as  in  mod  of  the  proceHes  of 
combuftion,  arid  in  that  of  refpiraiion.  W  hen  it  rs  ne- 
ceiTary  to  purify  the  air  from  the  carbonic  acid,  which 
may  be  tOo  abundant  in  it,  any  contrivance  for  bringing 
it  into  contflift  with  lime-water  will  fu/Rciently  aniwcr 
this  purpofe.  A  cloth  dipped  in  that  liquor,  and  fuf- 
pended  near  the  floor,  will  generally  purify  the  air  of 
a  room  from  any  contamination  of  fixed  aip. 

'  D  d  <^  Combuftioo 
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Combuftion  or  rcfpiration  aife,  however,  not  the  only 
tnezns  by  which  atmofphcric  air  is  injured.  Phofphorus 
of  every  kind,  liver  of  fulphur,  oil  of  turpentine, 
cements  of  wax,  oils  of  mint,  cinnamon,  &c.  nitrous 
acid,  and  even  nitrous  aether,  at  once  diminifh  and  de- 
prave it. 

The  air  is  alfo  rendered  unwholefomc  by  the  ab- 
ibrpdon  of  putrid  *  or  inflammable  vapours,  the  cx- 
plofion  of  gunpowders  by  oil  paints,  by  the  volatile 
Ipirit  of  fal  ammoniac,  by  fpirit  of  wine,  by  every 
kind  of  perfumery  or  artificial  fcents,  by  the  vapour  of 
new  plaiftered  walls,  by  all  putrid  fubftances,  and  ef^ 
pecially  by  flagnate  water;  thefe  fubftances  all  diffufe 
a  quantity  of  mephitic  air  or  vkpour  through  the 
furrounding  atmofphere,  and  fome  of  them  confuroc 
the  pure  or  vital  part.  Even  the  vapour  of  pure  wa- 
ter in  confiderable  quantities  is  pernicious  to  animal 
life;  Mufchenbroek  obferved,  that  it  threw  a  bird 
into  great  anxiciyj  that  the  vapour  of  vinegar  had  a 
fimilar  efFcd ;  that  the  vapour  of  fpirit  of  wine  killed 
a  bird  i  and  that  feveral  others  were  fatal  to  life  t. 

From  thefe  fads  it  is  manifeft  that  the  burying  of 
the  dead  in  populous  towns  is  a  wretched  and  dangc^ 
rous  mockery  of  police.  I  know  a  certain  great  town 
where,  in  burial  places  in  the  very  middle  of  the  town, 
the  dead  are  buried  not  fix  inches  below  the  furfaccj 
and  in  JL^ondon,  notwithftandipg  the  aft  of  parliament, 

*  A  quantity  of  corrupted  fifh  were  once  thought  to  hai^e  oc- 
cafioned  a  violent  epidemic  fever  at  Venice.  The  fame  efFedl  was 
produced  at  Delft,  by  the  corruption  of  vegetables.  The  Arabs, 
vfhen  dcfirous  of  injuring  the  Turks  at  Baflbra,  break  down  the 
banks  of  the  river  near  that  city,  fo  as  to  permit  it  to  overflow  a 
great  trafl  of  land ;  a  violent  fever  is  generally  the  confequence 
of  the  putrid  mud,  &c.  which  is  left  behind  after  ihc  water  x$ 
evaporated,— C^i;.  on  Jir,  457, 

j-  Cavallp  on  Mr,  p.  447, 

Wh« 
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what  with  the  prefent  evafion  of  that  ad»  the  depofit- 
ing  in  vaults,  and  the  frequent  breaking  up  of  the 
ground,  and  reaioving  putrid  bodies,  the  cafe  is  not 
much  better;  and  indeed  much  might  yet  be  done  to 
render  the  air  of  London  more  falubrious  than  it  is, 

I  have  taken  no  notice  of  the  accounts  which  fome 
ingenious  men  have  afforded  us  of  the  falubrity  of  the 
air  in  different  places,  convinced  that  we  are  not  as 
yetpofleifcd  of  a  complete  teft  of  the  falubrity  of  air  ^ 
and  till  this  caa  be  procured  our  only  guide  muft  be 
experience. 

By  agitating  putrid  and  inflammable  air  in  dlftiUed 
water,  or  water  from  which  the  air  has  been  expeHed 
by  boiling,  a  confiderable  diminution  will  take  plac^ 
ibmetimes  above  a  third  of  the  bulk,  and  the  air  will 
be  confiderably  purified.  Thus  the  agitation  of  the 
iea,  and  of  large  lakes,  has  probably  the  happieft  effect 
in' purifying  the  atmofpherc 

Dr,  Hales  found  tiiat  air  might  be  Jbreathed  much 
longer,  when  in  the  aA  of  respiration  it  waS  made  to 
pals  through  feveral  folds  of  cloth  dipped  in  vinegar, 
a.  fclucion  of  fea  falc,  or  oil  of  tartar,  than  when  no 
fuch  contrivance  was  ufed  * ;  the  reafon  of  which  is 
briefly,  that  thefe  fubftances  abforb  the  fixable  air  which 
comes  from  the  lungs. 

Putrid  air  was  alfo  reftored  by  a  mixture  of  car- 
bonic acid  air.  ^  The  experiment  was,  however,  in 
fome  meafure  rendered  doubtful  by  the  air  having  been 
palled  through  a  vcflel  of  water  in  order  to  its  admix-* 
ture.  Jf,  however,  the  faft  is  well  founded;  lime  kilns 
in  the  vicinity  of  populous  cities  may  poflibly  not  be 
io  unwholefome  as  is  generally  imagined,  as  in  thofe 
places  the  putrid  air  and  vapours  abound  more  than 

the  carbonic  acid. 

♦  Hale's  Eff,  p.  266. 

^  The 
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The  eudiometer  is  a  good  teft  of  air  as-fer  as  re- 
gards the  diminution  of  the  oxygenous  part ;  but  it  is 
on  the  whole  an  imperfeft  inftrumcnt,  as  it  affords  no 
means  of  diftinguifhing  the  deleterious  vapours  with 
which  the  atmofphere  may  occaRonalJy  be  charged. 

Bcfides  their  deleterious  properties,  the  mixture  of 
watery  particles  and  vapour  in  air  has  alfo  confiderable    * 
cffeft  with  refpeft  to   its  power  of  conducing  heat 
from  our  bodies.     The  rarity  or  denfiry  of  air  fccms 
to  have   little   efFedt  with  refpeft  to  its  condufting 
<   power,  which  indeed  appears  entirely  to  depend  on 
tbe  quantity  of  moifture  ic  contains.     A  moift  air  con- 
dudls  heat  with  much  greater  rapidity  than  a  dry  air. 
Whence  (fays  the  ingenious  Count  Rumford)  *  I  can- 
not  help  obferving  with  what  infinite   wifdom  and 
goodnefs.  Divine  Providence  appears  to  have  guarded 
us  againft  the  evil  effcfts  of  exceffitre  heat  and  cold  in 
the  atmofphere;  for  were  it  poflTible  for  the  air  to  be 
equally  damp  during  the  fevere  coid  of  the  winter 
months,  as   it  fometimes  is  in  fiimmer,  its  conduAins: 
pawer,  and  confequently  its  apparent  coldnefs,  when 
applied  to  our  bodies,  wouki  be  fo  much  increased  bv 
iuch  an  additional  degree  of  moiilure,  that  it  would  be- 
cojTje  quite  intolerable  5  but,  ha[5[>ily  for  us,  its  power 
to  hold  water  in  folucion  is  dimini(hed,  and  with  it  its 
power  to  rob  us  of  our  animal  hear,  in  proportion  as  its 
coldnefs  is  increafcd.     Every  Ixxly  knows   how  very 
difrigreeable  a  very  moderate  degi  e^  of  cold  is  when 
4t  is  very  damp^  and  iKncc  it  appears,  why  the  ther- 
mometer is  not  always  a  juft  meafure  of  the  apparent 
or  ienfible  heat  of  the  atmoi'phere.     If  colds  or  ca- 
tarrhs are  occafioned  by  our  bodies  being  robbed  of 
iwjr  animal  heat,  the  reafqn  is  plain  why  thofe  diforders 
prevail  rnoft  during  the  cold  autumnal  rains,  and  upoji 
the  breaking  up  of  froft  in  the  fpring.     It  is  likewife 
5  plain, 
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plain,  whence  it  is  that  fkeping  in  damp  beds  mid  in^ 
habiting  damp  houfes  is^  fo  very  cj^ngerous,  and  why 
the  evening  air  is  fo  pernicioqs  in  funnmer  and  autumn, 
and  why  it  is  not  fo  in  the  hard  frofts  of  winter.  It 
has  puzzled  many  to  account  for  the  manner  in  which 
fuch  an  extraordinary  degree,  or  rather  quantity  of 
heat  is  generated,  which  an^nimal  body  isfuppofed  tQ 
lofe  if  expofed  to  the  cold  of  winter,  which  it  coin- 
municates  to  the  furrounding  atihofphcre  in  warm 
fumnier  weather;  but  |s  it  not  more  than  probablcj 
that  the  difference  of  the  quantities  of  heat  a6i;ualiy 
loft  or  confumed,  is  infinitely  kfs  than  what  tfecy 
have  imagined*?* 

Various  inftruments  have  been  invented  und^r  th^ 
general  name  of  hygrometers  f,  for  afcertaining  the 
quantity  of  moifture  contained  in  the  atmofphere. 
Mqft  bodies  attfaft  moifture,  and  are  expanded  by  it. 
Wood  and  other  folid  bodies  are  fwelled  by  the  rnoil^ 
ture  infinuating  itfclf  between  the  fibres,  and  confe-. 
quently  a  piece  of  wood  cut  tranfverfely,  will  be  ex- 
tended in  length  by  the  abforptioi>  of  damp  or  wet* 
Cord,  catgut,  &c.  the  fibres  of  which  extend  longitu- 
dinally, will  increafe  in  thicknefs,  but  will  co^radb  ia 
length  on  the  application  of  moifture.  Qn  this  laft 
principle  the  common  weather-houft  is  conftrudled, 
which  is  no  bad  hygrometer  for  general  purpofes j  the 
contradion  of  the  ftring  by  vvec  forces  the  man  out  of 
the  door,  and  when  by  the  return  of  fine  weather  the 
ftring  or  catgut  is  difpofcd  to  refume  its  natural  length, 
an  claftic  wire  a6ls  upon  it,  and  the  woman  appears. 
The  firft  regular  and  graduated  hygrometer  that  de- 
ferves  to  be  mentioned,  as  made  in  this  coui^ry>  wa3 

•  Thompfott's  Experiments.     Phil  Tranf.  Vol.  Ixxvi. 

t  'Ttqj*  (Hygros)  "moiaure;"  and  M^^or,  (i^CtroD)  *Umca-. 

ihat 
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i  Mr.  Sniearon.  He  em- 
7.  1    £-xrr.  ibing  of  three 

-  n-.ik  .-g  r.£:s,  which,  in  or- 

-  ''::r-Tt  rczdily,  he  fteepcd 
:.t  :r.zi'ztl  abng  a  hmxd 
1  c.-r^-n  ronrrivdd  to  at- 
-■tf.  :j  ./.ctt  its  vanarions. 
h-'r  il:  :'-e  finx  purpoic, 
■^z'z'-.:  .!  i.'.Tic  grains,  and 
■-  ;.-J=\  pci.iting  to  a  gr»- 
i  '.izr.i  :o  be  a  vcrv  dfJicia: 


-i::  arii  :":(.i  :y  measure  of 
:  'i  "i:-;c!y  ;j  be  out  of  or- 
.:  I'-b-.'un^ci.  Hefuccd". 
■■^■■>-"?.;r.ii  v.'Lilebonsi  but 
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and  other  great  elevations  arc  ufually  covered  with 
fnow.  There  is  indeed  always  a  certain  height  of  the 
atmofpherc  Where  water  will  be  found  at  the  freezing 
pointi  and  this  has  been  called  by  philofophers  the 
line,  of  perpetual  fnow;  The  line,  however,  varies 
according  to  climate  and  circumilances.  On  the  peak 
of  Tenerif  it  commences  at  the  height  of  about  two 
miles  and  a  half,  and  in  England  it  is  generally  found 
at  the  height  of  a  mile,  or  a  mile  and  a  half.  Some 
botanifts  have  aiferted,  that  the  variation  of  climate  in 
afccnding  mountains,  was  difcernible  from  the  vege- 
^  tables  found  upon  them,  the  plants  which  required  a 
mild  temperature  being  commonly  found  near  the 
bottoms,  and  the  hardier  and  more  northern  vegetables 
towards  the  fummit. 

Different  opinions  have  been  entertained  concerning 
the  cold  in  elevated  fituations.  It  was  for  a  confider- 
able  time  imagined,  that  it  depended  altogether  on  the 
rarity  of  the  atmofphere  in  thofe  regions,  which  is  very 
conQderable ;  but  it  has  been  remarked,  on  the  audio-* 
lity  of  Count  Rumford,  that  the  rarity  or  denfiry  of  the 
air  appears  to  have  little  cffeft  on  its  conducing  power. 
Some,  have  fuppofed,  that  as  the  air  is  fo  much  rarer 
in  the  upper  regions,  lefs  fire  or  caloric  is  required  to 
keep  it  in  a  ftate  of  fluidity,  and  confequendy  that  there  . 
is  a  real  deficiency  of  that  element.  The  hypothefis 
of  M.  Bougucr  *,  however,  comes  recommended  by 
its  linjplicicy,  and  by  its  agreement  with  mod  of  the 
other  phenomena  of  heat,  and  I  fhall  therefore  adopt ,. 
it  witH  only  ibme  flight  variations. 

yrithout  entering  into  the  controverfy  concerning  ; 
the  identity  of  fire  and  light,  it  is  only  neceflary  to 
afliime  as  a  principle  the  well  known  circumftance^ 

I-  f  Reafoui  for  the  cold  on  the  top  of  the  Aocks. 

that  * 
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Aat  the  affitiil  of  light  is  capabfe  of  produting  he^at  in 
bddics ;  and  the  cqnaHy  well  eftablifhed  faft,  that  the 
ajStion  of  light  upon  a  tranfpjTrent  medium,  through 
which  it  is  eafily  tranfmitted,  is  extreinety  fceme. 
This  may  be  proved  by  the  e^fiieft:  of  all  poffible  ex- 
perithents.    If  highly  rediHed  fpirit  13  indof^d  in  a 
]faregkfs  pfakl^  or  any  perfeftly  tranfparent  Veilel^  £he 
rays  of  U]^t  conciehtrated  by  th6  rhoft  powerful  burn- 
lag  ^afs,  will' not  inflame  if;  if^  however^  the  (pirit 
if  plkeed  in  z  fpoon^  or  if  that  part  of  the  tranlpa- 
reiic  vtiTd  which  is  not  oppbfed  t6  the  burning  gUii, 
itcoattd  with  paint  or  any  fobftance,  which  intercepb' 
tfie  rays  of  light,  imbibes  or  condenfes  them,-  the  ^- 
rit  wffl  be  inftandy  fet  in  a  bhze.     The  earth  \i  there- 
fore the  great  receptacle  of  heat,  where  it  is  abforbed' 
9hd  kept  a:s  in  a  fibre-Iibtkfe ;  but  the  fiirface  of  earth 
whicih  is  expofed  to  the  fori  on  the  tdps  of  mountains 
is-  butVery  fnidl,  atid  cannot i'mbibcf  n^iidi  of  chcr  fun's 
heat.    Thd  rkys  fi'om  the.  furl  can  indeed  only  (hike 
the  diiRerent  fides  of  the  mountiin  for  a  (hort  period 
in  every  day,  and  in  Ibme  days  and  in  fome  parts,  not 
at  ail.     '^  A  horizontal  plain  alfo  when  the  day  is  clear, 
is  expofed  at  mid-day  to  the  ptrpendicular  and  undi* 
minifh^  adlidn  of  the  fun's  rays,  while  they  fall  ob- 
liqudy  on  a  plafn  which  is  nrtuch  inclined,  or  on  a  pile 
of  rocks/'     In  thefe  elevated  fituations,  therefore,  the 
majority  of  the  fun's  rays  pafs  through  a  tranfparent 
medium,  as  through  die  fpirit  inclofed  in  a  clear  glafii 
veflU ;  and  there  is  a  mafs  of  opake  matter  to  colldft  or 
condenfe  the  heat.     The  atrtiofphere,  thel;efbre,  in 
thbfe  re^ns  is  neceflarily  colder  than  in  thole'  which 
approach  nearer  the  furfaCe  of  the  earth. 

The  cold  in  thefe  higher  regions  of  the  atmbfphierei 
may  be  one  caufe  'why  vapours  are  not  c^plleAed  lb 
plentifully  diere  as  nearer  the  earth.    The  clouds  are 

feldom 
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feldom  more  than  a  mile  in  height,  and  they  do  not 
often  attain  that  dt^rce  bf  elevation.  From  the  fum- 
mit  of  a  high  mountain,  therefore,  the  profpeft  is  in-  - 
expreflibly  grand.  The  clouds  roll  beneath  the  fpcc- 
utor's^feet  like  the  vaft  waves  of  4  troubled'ocean; 
and  the  forked  lightnings  play  between  thofe  immenfe 
maflesin  various  dircflionsj  while  the  great  body  of 
air  in  the  valiies  beneath  (clear  and  tranlparent  as  it 
'  appears  to  tliofe  who  inhaJe  it,  biu  in  rtalicy  charged 
with  vapours)  appears  like  the  water  of  &  ftagnanc 
lake,  involving  moft  of  the  objects  in  total  darkne^ 
and  parrially  rewaiing  others,  which  feem  as  if  intend- 
ed to  adomthe  margin  of  fHe  flood,  and  ferve  to  cn- 
■  liven  and  diverfify  the  fcene, , 


t    • 
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Chap.    IX* 

or  THE  WEIGHT,  ELASTICITY,  AND  OTHER  ' 
GENERAL   PROPl^TIES  OF  THE  AIR. 


Oi  Jif^i  BlMfii<^j.->''^Jir  Gums,  lS€^^M9iitm  rf  FwrHckt  m  Jlp» 


THE  air,  confidered  as  a  fluU^  without  any  le* 
Iped  to  its  component  principles)  has  alio  fime 
))roperties  which  are  of  the  ii^mc^  innportance  in  ilie 
fyftem  of  nature  %  and  the  confideradon  of  thele  pnn 
perties  will  ferve  to  illuftrate  and  ea])lain  the  nature  of 
all  other  elaftic  fluids. 

Acmofpheric  air,  confidered  in  itfelf,  is  a  ponderous 
comprelliblej  elaftic,  tranfparent  body,  without  colour^' 
invifible,  and  incondenfable  by  any  degree  of  cold  that 
can  be  produced  in  the  temperature  of  this  earth.  It 
nerer  becomes  the  conftituent  part  of  any  body; 
though  it  bafes,  that  isf  oxygen  and  azote^  enter  into 
the  compofidon  of  many. 

The  FLUIDITY  of  the  sur  is  ctufed  by  the  nuitter  o^ 
fire  or  heat,  which  produces  in  it  a  degree  of  elaftidty 
that  always  tends  to  dilate  the  mafs,  and  preierves 
^  the  modon  of  its  parts.  If  the  air  was  not  elaftic^ 
it  might  be  formed  into  a  hard  body,  like  fnow^  when 
its  particles  are  prefied  forcibly  together. 

It  is  eafy  to  prove  that  air  adheres,  with  a  confider^ 
able  degree  of  force>  to  the  furfice  of  bodies  %  for  wbeo 

water 
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water  is  put  into  a  veffel  and  heated,  the  ftratum  of 
ar  which' adheres  to  the  fides  of  the  veflcl,  and  which 
accupies  a  fituation  between  the  water  and  the  fides, 
Ibon  becomes  perceptible  there  in  the  form  of  bubbles, 
in  confcqucnce  of  the  rarcfiiftion  which  is  caufed'  by 
the  heat.  It  becomes  fenfiblc  in  the  fame  manner  in 
a  vacuum,  in  confequence  of  the  dilation  occafioned  by 
die'  preffure  being  removed  *.  . 

The  ancients  knew  air  to  be  a  fluid,  but  their  im- 
perfe^l  knowledge  of  thofe  fubflances  in  general,  ap- 
pears to  have  difabled  tbcm  from  ufing  thofe  means 
which  the  moderns  have  employed  for  drawing  oiF 
uid  expelling  this  fiuid  from  a  certain  fpace.  They 
were,  indeed,  utterly  unacquainted  with  the  faft,  that 
air  is  a  ponderous  fluid.  They  admitted  that  there 
were,  two  kinds  of  bodies  in  nature ;  heavy  bodies, 
ftich  as  fl'ones,  metals,  and  in  general  all  bodies  which, 
bang  left  to  themfelves,  had  a  propenfity  to  defcend  j 
and  light  bodies,  fuch  as  air,  flame,  vapours,  &c.  be- 
caufe  ihefe  bodies  appeared  to  them  to  afcend  fponta- 
ncoufly  into  the  upper  regions  of  the  .  atniofphere- 
They  fuppoied,  therefore,  agreeably  to  this  fenciment, 
diM  air -was  endued  with  abfolute  levity;  and  that  all 
the  effects  which  the  moderns  attribute  to  tlie  principle 
cf  gravitation,  were  to  be  afcribed  to  the  horror  which 
nature  had,  according  to  them,  for  a  vacuum.  It  was, 
therefore,  a  long  prevailing  opinion,  that  air  was  defti- 
tute  of  weight ;  and  it  is  not  above  a  hundred  and 
fifty  years  fince  philofophers  have  been  convinced  of 
this  error.  The  engineers  of  the  Count  de  Medici, 
Great  Duke  of  Florence,  having  received  orders  to 
raifc  fome  water  fifty  or  fixty  feet  by  means  of  a  com- 
mon pump,  perceiv^,  when  they  made  the  attempt, 

*  Briflba,  Tom.  ii.  p.  93. 
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thit  water  \voii!(J  mount  only  to  a  certain  height,  after 
v.hic!'.  i;  i'pjxaK-d  co  them,  by  the  void  fpacc  which 
tiuv  \vA\yS,  tlia:  nature  was  reconciled  to  a  vacuum, 
or  at  Icnft  fufrer«i  this  tlefrct  without  thofe  tcrribt 
tiTtcV,  whicli  ancifi-:  writers  had  prcdifted  from  it. 
T!;!i  r.pp;:rcnc  cajiricc,  on  the  part  of  nature,  was  com- 
]i:ui;;c;i/(i  by  rhc  engineers  to  Galileo,  who  paid  ibme 
zv.'-.y.  ■:-.  Vj  it;  i::riijgli,  previous  to  this  acciifcnt,  he, 
,ii  wcii  ^3  ;iil  oiii'  rs,  had  fatisfied  himfclf  with  the  corn- 
mt-'ii  r.[;\:\'.f,i:  •}'  Ltic  hcrrcr  which  nature  was  fuppofed 
to  L'nL.'i:r.in  ;-.r  ii  vacuum.  He  was  at  length  con- 
viiii-fd,  tjy  r(.i;i'.:ited  cxpcrimemsj  that  water  would 
ri:l-  ti.ly  lo  ulMJiit  tiiirty-two  feet  pet  pcndicular  in 
,  mA  ili.it  the  remainder  ofrhe  pipe  or  tube,  if 
lonj-^T,  would  be  empty.  He  could  then  no 
lonc^'i'  iftaiii  ilie  opinion  refpcftlng  the  horror  ofa 
vaciuim,  but  ixgan  to  concciTe  that  this  horror  hid 
its  limits,  and  that  thefe  phenomena  might  proceed 
from  a  pliyfical  caufc  very  difirrent  from  that  to  which 
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inches  long»  was  reduced  to  the  length  of  about  twenty* 

eight  inches.     Now,  if  we  conipare  the  experiment;  of 

<9a)ileo  with  that  of  Torricelli,  we  fluH  Hod  that  fluids 

adt  in  counterpoife  to  each  other,  cxa6Uy  in  proportion 

to  their  refpeftive  denfities ;  and  that  the  iknie  caufe 

(the  preflurt  of  the  air)  which  derates  water  to  the 

height  ai  thirty-cwp  feet,  cannot  fuftain  a  column  of 

mercury  above  the  height  of  twenty-eight  or  thirty 
inches. 

Pafchal  added  conGderably  to  the  proofs  of  this 
<iodrine  which  Torricelli  had  afforded,  and  he  rea- 
^ned  in  this  manner:— If>  faid  he,  the  air  is  the  caufe 
of  this  phenomenon,  it  is  becaufe  it  has  ponderance 
and  fluidity  s  it  muft  prefs,  therefore,  in  the  &me  man- 
ner as  liquids,  and  its  prelTure  muft  be  greater  or  lefs 
according  to  its  height  j  and  tvtvY  column  of  whatr 
ever  fluid  is  placed  in  counterpoife  with  it,  will  always 
bt  Jonger  or  Ihorter  in  proportion  to  its  denfity. 
Hence  he  proceeded  to  prove,  that  a  column  of  air 
muft  produce  a  prcflure  greater  or  Ic fs,  and  was  ca- 
pable of  fiiftaining  a  column  of,  any  fluid  higher  or 
lower  in  proportion  to  its  own  height,  and  confcquenriy 
that  a  column  of  water  or  mercury,  at  the  bottom  of 
a  mountain,  would  rife  higher  in  the  Torricellian  va- 
cuum than  at  the  fummit.  M.  Pafchal  next  pre- 
vailed upon  his  brother-in-law,  M.  Perrier,  who  was 
at  Clermont  in  Auvergne,  to  make  the  follov/ing  ex- 
periment at  the  bafe  and  fummit  of  the  mountain 
known  by  the  name  of  Puy  de  Dome. 

M.  Perrier  fixed  a  tube  of  Torricelli's  upon  a  perpen- 
dicular plank  (fee  Plate  XXIX.  Fig.  5.)  graduated  into 
inches  and  lines ;  and  having  obferved  to  what  height  the 
mercury  was  raifed  in  the  tube  at  the  foot  of  the  moun- 
tain, he  found  that  it  fell  gradually  in  proportion  as  he 

E  e  a  afcendeJ 
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afccnded  towards  the  fummit ;  and  alfo,  on  the  contrary, 
that  it  rofc  again  in  the  fanne  proportion  as  he  dcfcend- 
ed :  the  difFcrencc  was  found  to  be  three  inches  and  one 
line  between  the  height  of  the  mercury  at  the  funnmit 
and  the  bafe.  This  experiment,  fuggefted  by  Pafchal, 
and  repeated  feveral  tinnes,  always  produced  the  fame 
refult;  whence  it  was  concluded,  that  mercury  was 
fuftained  above  its  level  in  the  Torricellian  tube,  by 
the  preffure  of  the  atmofphere  upon  the  refervoir, 
fmce  the  mercury  in  the  tube  wasobfcrved  to  fall,  when 
the  column  of  air  which  had  the  refervoir  for  its  bafc 
was  diminiftied  in  height.  Thefe  experiments,  in 
proving  incontrovertibly  the  weight  of  air,  have  au- 
thentically reftored  to  this  fluid  a  great  number  of  na* 
tural  properties  and  efFefts,  which  were  before  attri- 
buted to  a  caufc  merely  chimerical. 

M.  Pafchal  afterwards  repeated  the  fame  experi- 
ment with  water,  wine,  oil,  &c.  and  die  heights  of  Ac 
•columns  of .  thefe  liquors  were  always  found  to  be 
proportional  to  their  denfities ;  an  evident  proof  that 
they  were  counterpoifed  by  a  weight,  which  could  in 
thole  cafes  be  no  other  than  the  prefFure  of  the  air. 

Many  philofophers  afterwards,  having  procured 
'Torricellian  tubes,  placed  them  according  to  the  man- 
ner of  M.  Perrier,  upon  a  fcale  graduated  into  inches 
and  lines,  and  by  frequent  obfervations  they  perceived, 
that  the  height  of  the  mercury  in  the  tube  often  varied 
They  concluded,  therefore,  that  the  prefllire  of  the 
air,  which  was  the  caufe  of  the  fufpcnfion  of  the  co- 
lumn of  mercury,  was  fomc  times  greater  and  fome- 
timeS  lefs,  and  confequently  that  it  acted  more  or  lefs 
forcibly  upon  the  human  frame.  From  thefe  caufes 
and  effects  the  idea  was  fuggefted,  of  making  from  the 
Torricellian  tube  a  new  meteorological  inftrument,  tl>c 

fame 
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fiune  which  is  now  commonly  known  by  the  name  of 
a  iarometer  *• 

Air  afts  upon  barometers  in  two  modes,  by  its 
weight  and  by  its  elafticity.  The  variation,  therefore, 
of  the  preffure  upon  the  refervoir  is  produced  by  two 
caufe,  by  the  variation  in  the  weight  of  the  incumbent 
air,  and  by  that  of  its  elafticity.  The  weight  of  air 
varies  according  to  its  denfity,  and  its  intermixture 
with  other  fubftances  which  are  foluble  by  it  j  its  elaf- 
ticity varies  according  to  its  denfity,  and  the  quantity 
of  heat  with  which  it  is  charged.  The  greater  part 
of  foreign  fubftances  which  intermix  with  air  only^ 

•  «<  To  fill  a  barometer  tube,  ((ays  Mr.  Adams)  I  take  a  clean 
glafs  tube  about  thirty-three  inches  long»  and  pour  quickfilvcr  into 
it  by  means  of  a  fmail  paper  funnel;  you  obferve,  that  as  the 
quickfilver  rifes  in  the  tube,  there  are  bubbles  of  air  left  behind  in 
fcreral  parts :  I  continue  pouring  the  quickfilver  till  it  fills  the  tube 
Within  about  half  an  inch  of  the  top.  I  then  apply  my  finger  hard 
and  dofe  upon  the  (pp  of  the  tube,  and  invert  it;  by  which  means 
tbe  air  that  was  on  the  cop,  now  riiing  through  all  the  quickfilver^ 
gathers  every  bubble  in  its  way.  I  revert  the  tube  or  turn  it  up 
again,  and  the  bubble  of  air  re-afcends,  and  if  there  are  any  fmall 
bubbles  left,  carries  them  away;  if,  however,  any  remain,  the  opera- 
tion muft  be  repeated.  I  now  fill  the  tube  to  the  top,  and  placing 
my  finger  on  the  open  end  of  the  tube,  plunge  that  end  into  this 
bafon  of  quickfilver ;  when  the  end  of  the  tube  is  perfeAly  fub-' 
"Bierged  in  the  quickfilver,  I  take  my  finger  away,  and  you  fee  the 
qmckfilver  remains  fpfpended  in  the  tube,  leaving  a  vacuum  at  top. 
The  column  of  quickfilver  is  about  thirty  inches  in  height;  now 
yoo  will  obferve  that  there  can  be  no  air  in  the  fpace  between  the 
quickfilver  and  the  top  of  the  tube,  for  till  the  finger  that  clofcd 
the  orifice  in  the  bafon  was  taken  away,  that  fpace  was  filled  with 
qoickfilver,  and  the  quickfilver,  which  was  thirty-three  inches  high, 
f|ink  in  the  tube,  and  left  that  fpace  free  from  air,  for  no  air  could 
get  into  the  tube,  unlefs  it  could  force  its  way  through  the  quick** 
lilver  in  the  bafon,  and  the  thirty  inches  in  the  tube;  or  penetrate 
through  the  fealed  end  of  the  tube :  but  as  neither  of  thofe  can  be 
done,  it  follows,  that  in  the  part  of  the  tube  which  the  quickfilver 
^ves,  there  mud  be  a  vacuum."    Jdams^s  LcQurts.  Vol.  i,  p.  32. 

E  e  3  under 
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under  the  form  of  ela(Kc  fluids,  dknimib  the  weight  of 
the  column  of  air,  becaufe  they  are  lighter  than  it ;  but 
thof::  fubftances  which  are  foluble  in  air  augment  its 
denfuy,  and  confequently  its  weight,  in  the  fame  nroR- 
ner  that  fait  diflfolved  in  water  increases  its  weight  and 
dcnfity. 

The  barometer  has,  therefore,  another  property,  oof 
kfs  ufeful  to  philofophers  than  that  which  has  been 
already  mentioned.  It  points  out  the  changes  of  tfa6 
weather,  efpccially  when  they  are  likely  to  be  confi- 
derable. 

From  the  numerous  obfervations  and  experiments, 
which  have  been  made  from  time  to  time  upon  bare 
pni'ters,  the  feven  following  propofitions  have  been  elh- 
bliHied  by  M.  Briflfon.     «  Firft,  That  the  mean  height 
of  mercury  in  France  is  twenty-feven  French  incho 
and  an  half.     Secondly,  That  the  variations  from  diis 
height  feldom  exceed  three  inches,  that  is,  that  its  kaft 
elevation  is  twenty- fix  inches,  and  its  greateft  twenty- 
nine.      Thirdly,   That  thefe  variations   become  Ida 
towards  the  equator,  and  greater  in  the  northern  cli- 
mates.    Fourthly,  That  when  the  mercury  falls  in  the 
barometer  it  announces  rain  or  wind,  or  in  general  what 
is  called  bad  weather.     Fifthly,  On  the  contrary,  when 
the  mercury  rifes  it  announces  fine  weather.     Sixthly, 
That  thefe  prediAions  fail  fometimcs,  efpecially  if  the 
variations  in  the  height  of  the  mercury  are  very  flow 
and  inconfiderable.     Seventhly,  That  the  prediftions 
are  almoft  infallible,  when  the  mercury  afcendsor  dc- 
fcends  confiderably  in  a  fhort  time  ^  as  for  example^ 
about  one-third  of  an  inch  (or  three  or  four  lines)  in 
the  courfc  of  a  few  hours*." 

Thus  in  relating  the  difcovery  of  the  barometer,  we 
have  fcen  that  philofophers  were  convinced  that  aa 

*  Briffon.  Vol.  i. 
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^ual  vacuum  might  be  formed.  The  air-pump, 
liowcver>  was  not  difcovered  till  1654.  For  the  firft 
'  iaTcntion  of  this,  the  world  u  iodebGed  to  Otto  Gueric, 
a  German;  but  it  was  our  countryman  Boyle  who 
converted  it  to  real  ufcs ;  it  was  he  who  improved  it, 
and  applied  it  to  philofophical  purpofes.  In  the  hands 
«f  Gueric  it  was  a  mechanical  ioftrument  t  in  thofe  of 
Boyle  it  was  a  truly  philofophical  machine.  By  thii 
machine  we  can  with  cafe  empty  a  glals  velTel  of  it$ 
«r,  and  put  what  bodies  into  ic  we  think  fit.  Thus 
eomparing  the  changes  wrought  upon  bodies  by  being 
kept  &om  air>  with  the  fames  bodies  when  expofed  to 
vuy  we  require  a  knowledge  of  the  effe£ts  of  that  fiuid 
vpon  bodies  in  general. 

^s  die  air-pump  is  a  machine  very  generally  known, 
I  ihall  not  attempt  a  newdefcriptionofiti  but  for  the 
,fake  of  thofe  readers  who  are  but  little  acquainted  with 
phUofbphical  apparatus,  take  the  dcfcription  of  tt  from 
one  of  the  molt  popubr  writers  on  ttiefe  fubjefb,  in 
Onkr  that  ia  conftru£tion  ouy  be  the  more  eafily  ua- 
derftood. 

Having  put  a  wet  leather  on  the  plate  LL  (fee 
Plate  XXX.  Fig.  i .)  pkce  the  large  glafs  veflcl  or  re- 
cover M  with  its  mouth  downwards  upon  the  leather, 
fo  that  the  hole  i  in  the  plate  may  be  within  the  glafs. 
Th«n  turning  the  handle  F  backward  and  forward,  the 
air  will  be  pumped  out  of  the  receiver  by  the  ac- 
pon  of  the  mechanifm  below.  As  the  handle  F^ 
reprefcnted  more  at  large  (Fig.  a.)  is  turned  back- 
wards, it  rsifes  the  fucker  or  pifton  dt  in  the  hollow 
barrel  B  K  by  means  of  the  toothed  wheel  E  engrain- 
ing in  the  tootlied  rack  D  d:  and  as  the  pifton  or 
fucker  ts  leathered  fo  tight  as  to  fit  the  barrel  exa^y, 
DO  air  can  get  between  this  pifton  and  the  barrel,  and 
rhcrcibre  all  the  air  above  </  in  the  barrel  is  lifted  up 
E  c  4  Howards 
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tDWjruj  H,  niid  11  vacuum  made  in  the  barrel  from 
(■  r  I  ^.'  iipcn  \v!:kh  ]>art  of  llic  air  in  the  glafs  M 
(lir.  I.)  iiy  its  l'|Ting  rufhcs  through  the  hole  1  in  the 
I-;-..(s  y\:,x<:  1,1,  along  the  pipe  GG,  which  communi- 
catis  wiih  hi)rii  bands  by  the  hollow  trunk  IHK> 
z\v\  p'.ifl'.inji;  up  the  valve  b  (a  valve  is  a  bit  of  leather 
th;!L  cover-,  a  lull-  as  the  flapper  of  a  bellows,  ailmitring; 
the  ;'.!r  in,  but  fufR-ring  none  to  go  back)  the  air  then 
laif::!,^  \':-x  v.ilvc  enters  into  the  vacuity  be  o^  the  bar- 
r--!  i'>  fC.  1  "r  c!;c  air  will  naturally  prefs  into  thofe 
places  wIktl-  ic  is  leaft  refiflicd.  All  this  b  done  by 
(Ir.i'.viiig  [lie  handle  towards  D. — Next  turning  the 
r.;;;;iL-  tbivvMrd  the  contrary  way  towards  C,  thepiftoa 
dc  i  i!„pri. fiiil  III  tlie  barrel,  and  as  the  air  which  had 
g'iC  into  the  barrel  cannot  be  pulhcd  back  through  the 
v.;Ive  /',  llir  ilu-  valve  clofes  like  the  flapper  of  a  hcl- 
low.s  and  will  iiat  let  the  air  back  the  way  it  camCi 
tlie  air  mud  ilK'iefore  afcend  through  an  hole  in  die 
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the  valves,  and  then  no  more  can  be  taken  out  of  the 
receiver.  Hence  it  appears,  chat  there  is  no  fuch 
thing  as  making  a  perfeft  vacuum  in  the  receiver ;  for 
the  air  that  leaves  the  receiver  is  driven  out  by  that 
Fhich  remains  behind,  and  there  mu(t  therefore  fome 
portion  remain  behind  at  laft. 

Such  is  the  conftruftion  and  nature  of  the  air-pump. 
Some  inftruments  at  firfl:  contrived  only  for  explain, 
ing  fcicnw,  become  at  laft,  by  frequent  ufe,  a  part  of 
-the  fcience  iifelf)  and  demand  an  equal  explanation. 
Such  is  the  cafe  with  this  j  and  the  reader  muft  pardon 
fome 'prolixity  in  the  defcription.  There  is  a  cock  k 
below  the  plate  LL,  which  being  turned  lets  air  into 
the  receiver  again.  There  is  a  glafs  tube  imn  open 
at  both  ends,  and  about  thirty-four  inches  long,  the 
upper  end  communicating  with  a  hole  in  the  pump 
plate,  and  the  lower  end  immcrfed  in  quickfilveratff  in 
the  veffel  N.  To  this  tube  is  fitted  a  wooden  ruler 
mm,  divided  into  inches  and  parts  of  an  inch  from  the 
bottom  at  »,  where  it  is  upon  a  level  with  the  furfece  of 
the  quickfilver,  and  continued  up  to  the  top,  a  little 
below  /,  to  thirty  or  thirty-one  inches,.  Now  the 
quickfilver  in  this  tube  rifes  as  the  air  is  cxhaufted  in 
the  receiver,  for  it  opens  into  the  receiver  through  the 
plate  LL.  And  the  more  the  air  is  exhauftcd,  the 
more  will  the  quickfilver  rife,  fo  that  by  this  means 
the  quantity  of  air  pumped  out  of  the  receiver  may  be 
'   very  exaflly  meafured  *. 

From  all  the  preceding  faifts,  and  efpecialiy  from 
the  experiment  of  Torricelli,  it  appears,  that  air  is  a 
PONDEROUS  fluid;  in  other  words,  that  it  pofleffes 
gravity,  and  its  weight  may  be  eafily  afcertained. 

From  a  large  phial  (or  rather  from  a  flafk,.or  any 
gk^s  veflel  of  a  globular  form,  for  reafons  that  will 
*  GoMfmith't  Philofophy,  vol.  ti.  p.'  56. 

afterwards 
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a'kruii  ;■(!.-  :-.?p'-ar)  to  the  neck  of  which  is  annexed  i 
il.^p-cocl-;,  Ll.e  air  may  be  exhaufted  either  by  means 
of  ilii:  -:i-r.'.inip,  or  by  filling  die  Baflc  with  mer- 
cury, an.l  eiii:>tying  it  gradually  intoa  veflel  containing 
a  o^u.iiitity  <il'  th,!t  fluid,  and  turning  the  cock  bcfixe 
the  n.ik  is  cntiitl/  extricated,  which  produces  a  more  i 
pcnla   vicuuiTi   tiian  that  made  by  the    air-ptimp. 

liif  vjlit-i  ihui  cinntied  of  its  air  may  be  weighed  1^ 
a  ni.c  [,al,i;-,ci.'  -,  :i:-.d  lliis  done,  re-admit  the  ar  by 
ijriiiij;^  clij  c'Jtk,  v.hcn  it  will  rulh  in  with  confider- 
,;'jlc  v.vlL-r^cc  ;  :.r.d  tiiough  the  flalic  was  balanced  be- 
f;)rL-,  it  vviil  i.o'.v  htcomc  heavier,  and  preponderate. 

iht  ;i.;-  coj.t.;'.,!;.;.!  Ill  a  quart  flafk  will  by  this  expcri- 
1.1  to  Wi-igli  about  fourteen  grains  and  a 


1i.lu: 


>  find  tlit  Tpccific  gravity  of  the  air,  the  Bafkmult 
Icii  witii  purt.' water,  and  again  weighed.  The 
i.f  a  cu'uic  foot  of  pure  diftilled  water  is  about 

ivoirdupois,  and  of  a  cubic  inch  : 
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lecn  pounds  upon  cvcrjr  fquafc  inch.  Computing, 
tbefcfore,  the  furfacc  of  a  man's  body  at  1 5  fquarc 
fc^,  the  whole  prcffure,  which  each  perfon  fuftains, 
will  be  nearly  equal  to  331480  pounds.  By  this  enor- 
mous preffure  we  fhould  undoubtedly  be  crulbed  in  a 
moment,  if  every  part  of  our  body  was  not  filled  with 
air,  or  fome  other  elaftiq  fluid,  the  fpring  of  which  is 
Aifficient  to  counteraft  the  preffure.—^*  We  are  fear- 
"  fully  and  wonderfully  made!'' 

The  whole  quantity  of  preflfure  upon  the  earth  muft 
thus  be  immenfe,  and  has  been  computed  equal  to 
that  of  a  globe  of  lead  of  fixty  miles  in  diameter. 

^It  is  the  gravity  of  the  air  which  caufes  that  ftrong 
preflure  upon  the  hand,  when  it  is  ^aced  -  upon  the 
mouth  of  a  receiver  open  at  the  top,  in  which  a  va- 
cuum has  been  made  by  an  air-pump ;  for  as  foon  as 
the  air  in  the  receiver  has  been  rarefied  by  the  aftion 
of  the  machine,  it  is  no  longer  capable  of  fuftaining 
the  exterior  preflure  of  the  air,  as  it  would  have  been 
if  ita  denfity  had  not  been  altered.  It  is,  therefore, 
die  weight  of  the  exterior  air,  which  preffcs  the  hand 
with  fuch  force  to  the  edges  of  the  receiver;  and  this 
preflure  is  according  to  the  fize  of  the  aperture  of  the 
receiver,  becaufe  the  column  of  air  is  enlarged  in  pro- 
portion to  the  diameter  of  the  aperture. 

Our  furprife  is  excited  by  obfcrving,  that  notwith-p 
Ending  this  great  preflure  upon  a  glafs  receiver,  when 
a  vacuum  is  obtained,  the  glafs  is  not  dafhed  to  pieces 
0s  might  be  expefted.  Its  prefervation  is  in  a  great 
meafure  owing  to  the  rotundity  of  its  figure,  and  to 
the  excefs  of  the  exterior  furface  over  the  interior ;  for 
rile  fubftance  which  compofes  the  body  of  the  veflTel 
rcfembles,  in  this  cafe,  the  fubflance  which  compofes 
an  arch  in  a  bridge.  We  may  be  convinced  of  the 
truth  of  this  obfcryation  by  ta^ng  a  receiver  of  ano- 
ther 
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becaufe  the  moment  the  force  of  attradtion  is  over- 
come  by|hc  repulfivc  power  of  the  heat,  the  particles 
would  fcparate  thcmfelves  indefinitely,  having  nothing 
to  limit  their  cxpanfion,  unlefs  their  own  gravity  might 
colled  them  together,  fo  as  to  form  an  atmolphere  ♦. 

Air,  being  an  claftic  fluid,  is  confequencly  com- 
pressible, as  the  very  word  implies;  the  weight, 
therefore,  of  the  atmofphere  compreflcs  its  lower 
parts,  for  in  low  vallies  it  is  more  comprefled^  and 
has  more  denfity  than  upon  high  mountains;  but  this 
b  not  the  cafe  with  water,  which  n6t  being  claftic  in 
its  ordinary  ftate,  is  hardly  comprcflible  at  all;  fo  that 
the  diflfcrent  portions  of  the  fame  mafs  of  water  have 
Bcarly  the  fame  denfity  throughout  its  whole  depth, 

M .  Amontons  contends,  that  there  is  no  fixing  any 
bounds  to  the  condenfation  of  air.  Dr.  Halley  has 
•flerted,  in  the  Philofophical  TranCidlions,  that,  from 
the  experiments  made  at  London  and  Florence,  it 
might  be  fafcly  concluded,  that  no  force  whatever  is 
able  to  reduce  air  into  800  times  lefs  fpacc  than  tliat 
which  it  naturally  pofleffes  on  the  furface  of  our 
earth. 

It  has  been  proved  by  various  experiments,  that  a 
column  of  comprefled  air  is  diminifhed  in  proportion 
to  the  augmentation  of  the  prcflure  by  which  it  is 
condenfcd. 

The  Cmplcft  of  thefe  experiments  is,  to  pour  a 
quantity  of  quickfilver  into  the  tube  A  B  C  ( Plate 
XXIX.  Fig.  6.)  clofed  at  A,  and  open  at  C.  When 
the  tube  is  filled  with  quickfilver  to  E,  then  die  air 
inclofed  in  the  leg  A  B,  will  prevent  its  rifing  jiigher 
than  D,  and  the  column  D  B  will  be  in  equilibrium  with 
FB ;  confequcntly  the  quickfilver  contained  between 
FD  will  not  at  all  prefs  on  the  air  between  A  and  D ; 

■*  Lavoificr's  Elcm.  of  Chcmift.  p.  8. 

but 
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but  the  column  E  F,  afting  with  its  whole  weight  on 
the  quickfilvcr  between  F  and  D,  caufcs  it  u>  prcls  on 
the  air  at  D,  and  condcnfe  it.  By  increaiing  the 
quantity  of  quickfilver  the  condenduion  is  increafed; 
and  it  is  founds  that  the  Ipaces  into  which  the  air  is 
condenfed  by  different  weights,  bear  a  regular  pro- 
portion  to  thofc  weights,  and  its  denfity  is  coniequendy 
increafed  in  proportion  to  the  degree  of  preffurc  exerted 
upon  it. 

It  is,  however,  very  probable,  after  all,  that  diis 
compreflion  has  its  limits,  for  we  know  of  no  body 
which  can  be  compreflcd  ad  infinitum. 

From  all  rfiat  has  been  ftated,  and  particularly  from 
the  experiment  of  Torricelli,  it  will  be  evident,  thit 
the  common  notion  of  fuftion  is  a  vulgar  error;  and 
that  when  a  fluid  rufhes  fpontaneoufly  into  a  giiren 
fpacc,  it  is  in  confijquence  of  the  air  being  expelled,  or 
made  thinner  in  that  fpacc,  than  in  that  which  is  con- 
tiguous to  it,  when  the  preffure  of  the  atmolphere  ads 
upon  the  fluid,  and  forces  it  to  occupy  the  fpace  from 
wliich  the  air  is  either  entirely  or  partially  expelled. 
This  is  the  principle  on  which  the  common  pump  is 
conftrufted  ;  for  a  vacuum  being  made  in  the  tube  by 
the  rifing  of  the  pifton,  the  weight  of  the  atmofpherc 
prefles  upon  the  circumadjacent  water,  and  forces  it 
up  into  the  body  of  the  pump :  but  this  engine  will 
be  m-ore  particularly  dcffcribed  in  treating  of  hy- 
draulics. 

The  clafticity  of  the  air  is  now  generally  allowed  to 
depend  upon  the  latent  caloric  or  fire,  which  retains  it 
in  its  fluid  form.  If  we  take  a  bladder  well  doled  at 
the  neck,  and  containing  but  a  fmall  quantity  of  air; 
while  this  bladder  is  expofed  to  the  prefliire  of  the  at- 
molphere it  will  remain  in  its  primitive  ftate,  as  when 
the  fmall  quantity  of  air  was  admitted  ^  but  if  it  is 
I  placed 


Otap.  9.]  ElafiuUy  of  Jtr.  431 

placed  under  the  receiver  of  an  air-pump,  antj  the  mi- 
chine  fet  in  motion  to  exhault  the  air  furrounding  the 
bladder,  it  will  begin  to  open  and  fwe]!,  and  th^t  in 
proportion  to  the  dicninution  of  the  denQty  of  the  air 
in  tfie  receiver  *. 

Philofophers  have  doubted  whether  this  elallic  power 
of  tbe  air  is  capable  of  being  deftroyed  or  diml.-iilhcd. 
Mr.  Boyle  endeavoured  to  difcover  how  king  air 
would  retain  its  fpring  after  having  aJTumed  the  grcatctt 
degree  of  cxpaniion  tuB  air-pump  could  g^ve  it;  Uithe 
never  obferved  any  fenfible  diminudon.  De&guliers 
jjiys,  that  air,  vhich  bad  been  enclofed  half  a  year  in 
a  wind-guD,  had  loft  none  of  its  elalticitf  j  and  Rober- 
val  affcrts,  that  he  has  preferred  air  in  the  fame  man- 
oer  for  fixteen  years  -,  and  that  after  that  period  he  ob- 
ferveda  that  its  expanfive  prc^&ilc  force  was  the  (vme 
as  if  it  bad  been  newly  condenfed.  Dr.  Hales  and 
Mr.  Haukfliee  on  the  contrary  conchide,  from  other 
experiments,  that  the  elafticity  of  the  air  is  capable  of 
bdng  impaired  and  diminiOied  by  a  variety  of  caufes. 
M.  Lavoifier,  however]  has  folved  thefe  difficulties, 
.by  proving,' that  the  elafticity  of  all  gailcs  or  claftic 
fluida  depends. upon  that  (^caloric,  which  feems  to 
be  the  nidft  eminendy  elaftic  body  in  nature.  No- 
thing, &ys  be,  b  more  readily  conceived,  than  that  one 
body  ihould  become  elaftic  by  entering  into  coinbina- 
oon  with  another  body  poflelled  of  that  quality.  <  We 
muft  allow  that  thb  is  only  an  explanation  of  elafti- 
city, by  an  aflbmprion  of  elafticity  i  and  that  we  thus 
only  ranove  the  difficulty  one  ftep  farther }  and  that  ' 
die  nature  of  cUfticity,  and  the  rcafon  for  caloric  being 
cbiftic,  remain  ftill  unexplained  f .' 

On  the  chfticity  and  comprcffibaity  of  air  depend 
die  ftru&ire  and  ulcs  of  the  air-gun.    In  theie  tnftru- 

*  £71X00,  Km.  u.  p.  103.        '       f  Eiein.  df  Chrm.  p.  sa. 
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nicnts  a  quantity  of  air  is  condenfcd  by  various  con- 
tiivanccs,  in  fuch  a  manner  that  the  condcnfing  force  , 
being  removed,  a  biil!;c  wiil  be  lent  to  a  confiderabk 
diilance  with  httle  or  no  noifc.  bitt  with  grrtt  force 
*  The  common  air-gun  is  made  of  brafs,  and  has  two. 
barrels.  Tlic  middle  bnrrel  K  A  (fee  Plata  XXX. 
Fig.  J.)  from  which  the  bullets  arc  fhot,  and  the  largtr 
outfidc  barrel,  clofcd  up  at  the  end  C  D,  and  in  tfiis 
the  air  is  driven  and  kept  condenfcd,  by  means  of  a 
lyringc  M,  wliicJi  drives  the  air  in,  but  fuffcrs  none  to 
go  back.  This  fyringc  having  been  worked  for  foiuc 
time,  the  air  is  accumulated  in  great  quantities  in  the 
external  barrel,  and  this  air  may  be  made  to  (b-Ucc 
upon  the  ball  K  by  means  of  the  trigger  O,  which 
pulls  back  the  fpiral  R,  and  this  fpiral  opens  a  valve 
behind  the  ball.  When  the  valve  is  open,  th«  air 
condenfcd  in  the  outward  barrel  rulhes  in  behind  iht 
ball)  and  drives  it  out  with  great  violence,  to  gixai^d 
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migbt  have  proceeded  from  the  filcnt  efi^fts  of  the 
jur-gun  *.* 

The  air  gun  defcribcd  by  the  author  from  whom 
the  above  is  quoted  has  been  in  a  great  meafura 
fuperfeded  by  one  of  a  more  fireiple  conftmdion,  ori- 
ginally invented  by  the  late  ingenious  Benjamin  Mar- 
tin. It  is  formed  like  a  common  gun,  vith  a  Angle 
barrel,  and  the  ct^ndenfed  air  is  contained  in  a  brafs 
ball,  which  fcrews  on  below  the  lock.  The  ball  is 
charged  with  a  flrong  fyringe,  and  is  furnilhed  with  a 
flop  cockj  and  fcrews  on  the  end  of  the  fyringe  to  be 
charged,  and  thtn,  when  the  cock  Is  turned,  it  may 
be  fcrewed  on  to  the  gun.  The  bullet  is  made  to  fie 
the  barrel  very  exadly,  and  is  rammed  in  as  the  ball 
of  a  mulket.  Each  gun  is  generally  fumithed  with 
two  brafs  balls,  which  will  contain  fuflicient  air  for 
about  twenty  difcharges ;  and  that  which  is  not  in  pre- 
fcnt  ufe  may  be  carried  in  the  pocket.  The  gun  it 
charged  by  turning  the  cock,  which  BUs  a  fmall  cham- 
ber at  the  butt  end  of  the  barrel  with  condenfed'  air> 
when  the  cock  may  be  turned  again  to  fave  the  reft 
fi>r  further  difcharges."  The  pulling  of  the  tri^cr 
opens  a  valve,  and  the  fpring  of  the  air  forces  out  the 
bullet,.asin  tht  inftrUment  already  dcfcnbed. 

The  elafticity  of  the  air  produces  alfo  confiderable 
,cSe£ts  in  the  natural  world  %  for  by  inlinuatbg  icfclf 
Into  die  pores  of  bodies,  and  pofTcfltng  this  power 
of  expanding*  which  is  io  eafily  e^cclted,  it  muft  necef- 
farily  put  the  particles  of  bodies  into  which  it  infmuates 
idelf  into  a  ftate  of  almoft  perpetual  ofciliaiion.  The 
.truth  of  this  obfervation  is  evinced  particularly  in  the 
air  veflela  of  plants,  which  perform  the  office  of  lungs; 
^  the  contained  air*  expanding  and  cootrading  al- 

•   Gotdimuh't  Philofophyi  Vol.  II.  p.  9S. 

Vol.  J.  1'  f  tttttss.tVi,> 


.^r-tIh:^U  [BookV. 

;  :r  L-w  inanr?  w  decreafe  of  the 
.t'sli,  snd  cilts  them  again  aker- 
-z  'jp  a  conrinuJ  circulation  in  the 
:.-;  rc>j.Tns  cf  mirble  have  been 
■'■^-r.  r.t  L-iCreafed  clafticity  of  fonW 

■r.  S:r:r?r.:^:io?.  arc  proceffirs  de- 
-~  r.c  icbon  pf  t!.e  airj  for  we 
:  esrcrlrnents,  dut  neither  of  theft 
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z.:rrz-.ts  £.-d  in  all  places,  as  wcD 
zh  :r-.-i;-:2:"5  as  in  the  vallics  be- 
-i.-J.iirsblT  \t\:  denfe  in  proportion 
■;  w;-.:':;  globe  of  the  earth  is  entirely 
:  tfae  whofc  armofp 
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•  It  was  not  howevrrat  any  time  fuppofcd,  that  this 
calculation  could  be  juft;  for  as  the  ur  is  an  elaf- 
tic  fluidt  the  upper  parts  mud  expand  to  an  immenlct 
bidk,  and  thus  render  the  calculation  above  related  txm 
ceedingly  erroneous.  By  experiments  made  in  difio^'' 
rent  countries^  it  has  been  found  that  the  fpaces,  whicfe 
any  portion  of  air  tkk-es  up,  are  reciprocally 'propor- 
tional to  die  weight  with  which  it  is  comprefled.  Ai-^ 
lowances  were  therefore  to  be  made  in  calculating  the 
height  of  the  atmofphere.  If  we  fuppofe  the  heighc 
of  the  whole  divided  into  innumerable  equal  parts,  riiO 
denfity  of  each  of  which  is  as  its  quanrity,  and  ditf 
Weight  of  the  whole  incumbent  atmofphere  being  alfi> 
as  its  quantity,  i:  is  evident,  that  the  weight  of  the  in- 
cumbent air  is  every  where  as  the  quantity  contained 
in  the  fubjacent  part,  which  makes  a  difference  be- 
.tween  the  weights  of  each  two  contiguous  parts  of  air* 
By  a  theorem  in  geometry,  where  ;the  differences  sf 
magnitixles  are  geometrically  proportional  to  the  mag-J 
nitudes  themfelves,  it  appears  that  thefe  magnitude^ 
arc  in  continual  arithmetical  proportion  j  therefore,  1^ 
according  to  the  fuppofition,  the  altitude  of  tlie  air^ 
by  the  addition  of  new  parts  into  which  It  is  divided, 
do  continually  increafe  in  arithmetical  proportion,  it* 
denfity  will  be  diminiihed,  or  (which  is  the  famtf 
^ing)  its  gravity  decreafed  in  continual  geomecricai 
proportion. 

*  It  is  now  eafy,  from  fuch  a  feries,  by  making  two" 

«r  three  barometrical  obfcrvations,  and  determining 

the  denfity  of  the  atmofphere  at  two  or  three  different 

<  ftadons,  to  determine  its  abfolute  height,  or  its  rarit/' 

.   at  any  aflignable  height.    Calculations  accordingly 

were  made  upon  this  plan';  but  it  having  been  found 

ihat  the  barometrical  obfervations  by  no  means  cor- 

Rfpoaded  wi(h  '^  denfity  which,  by  other  raperi-' 

Ffft  mcn*h« 
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mcntS;  tKc  air  ought  to  have  had,  it  was  fufpcfted  that 
the  upper  parts  of  the  atmofpherical  regions  were  not 
Ibbjeft  to  the  fame  laws  with  the  lower  ones.     Philo- 
fephers,  therefore,  had  recourfe  to  another  method  for 
determining  the  altitude  of  the  atmofphere,  viz.  by  a 
eolculauon  of  the  height  from  which  the  light  of  the 
fim  is  refrafted,  fo  as  to  become  vifiWe  to  us  before 
he  hinafelf  is  feen  in  the  heavens.     By  this  method 
it  was  determined,  that  at  tke-Aeigbt  of  foity-fiva 
miles  the  atnK^phcre  had  no  .power  of  refraction ;  and 
eonfequendy  beyond  that  diftanbe  was  either  a  mere 
vacuum^  or  the  next  thbg  to  it,  and  not  to  be  re- 
garded, 

.  /  This  theory  foon*  became  very  generally  receivedj 
f^x\d  the  heights  of  the  atmofphere  was  fpokeh  of  as  fa- 
miliarly  as  the  height  of  a  mountain,  and  reckoned  to 
be  as  well  afcertained,  if  not. more  fo,  than  the  heights 
of  moft  mountains  are.  Very  great  objeftions,  how- 
ever, which  have  never  yet  been  removed,  arife  from 
the  appearances  of  fon^ie  meteors,  like  large  globes  of 
fire,  not  unfrequently  to  be  fccn  at  vaft  heights  above 
the  earth.  A  very  remarkable  one  of  this  kind  was 
obferved  by  Dr.  Halley  in  the  month  of  March  1719, 
^hofe  altitude  he  computed  to  have  been  between 
fixty-nine  and  feventy-three  and  a  half  Englifti  miles; 
its  diameter  two  thoufand  eight  hundred  yards,  or  up- 
wards of  a  mile  and  a  half,  and  its  velocity  about 

■  three  hundred  and  fifty  miles  in  a  minute.  Others, 
apparently  cf  the  fame  kind,  buf  whofe  altitude  and 
velocity  were  ftill  greater,  have  been  obferved,  parti- 
cularly that  very  remarkable  one,  Auguft  i8di,  1783, 
whofe  diftance  from  the  earth  could  not  be  lefs  than 
ninety  miles,  and  its  diameter  not  lefs  than  the  former, 

^  at  the  fame  time  that  its  velocity  was  certainly  not  lefs 
than  one  thoufand  miles  in  a  minute-     Fire-balls,  in 

appearance 
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appearance  fiituUr  to  tbefe,  though  vaftly  inferior  in 
fizt,  have  been  fometimes  oblerved  at  the  furface  (^ 
the  earth.  Of  this  kind,  one  was  feen  on  board  -  the 
Montague,  4th  November,  1749,  which  appeatai 
as  big  as  ,a  large  mtUftonci  it  broke  With  a  violent 
cxplofion. 

*  From  analogical  reafoning,  it  fcems  very  probable 
that  the  meteors,  which  appear  at  fuch  great  heights 
in  the  aJr,  are  not  eflentially  different  from  thofc  which, 
like  ^e  fire-ball  jutl  mentioned,  are  met  with  on  the 
furface  of  the  earth.  Thej)erplexing  circumftances 
with  regard  to  the  farmer  are,  that  at  the  great  height* 
above-mendoaed,  the  atmofphere  ought  not  to  havb  ' . 
any  denfitj  /uffictent  to  fupport  fiamey  or  to  fropagatt 
found;  yet  thcfe  meteors  arc  commonly  fuccecded  by 
one  or  more  exploHons,  nay,  are  Jbmetimes  (aid  to  be 
accompanied  with  a  hifTing  noife  as  they  pafs  ove^ 
our  heads.  The  meteor  of  17 19  was  not  only  very 
bright,  infomuch  chat  for  a  fiiort  fpace  it  turned  night 
into  day,  but  was  attended  with  an  explofion,  heard 
over  alt  the  ifland  of  Britain,  occafioning  a  violent  con- 
cuflion  in  the  atmofphere,  and  feeming  to  Ihake  the 
earth  itfelf.  That  oi  1783  alfo,  though  much  higher 
than  the  former,  was  fuccecded  by  explofions  1  and, 
according  to  the  teftimony  of  leveral  people,  a  hilling 
noife  was  heard  as  it  paHed,  Dr.  Hallcy  acknow- 
ledged, that  he  was  unable  to  reconcile  thefe  circum- 
ftances with  the  received  theory  of  the  height  of  the 
atmolpherc;  as,  in  the  regions  in  which  this  meteor 
moved,  the  air  ought  to  have  been  three  hundred 
thoufand  times  more  rare  than  what  we  breathe,  arid ' 
[he  next  thing  to  a  perfect  vacumn. 

*  In   the  meteor  of  1783,  tfae  difficulty   is  ftill 
groiter,  as  it  appears  to  have  been  twenty  miles  far- 
ther up  in  the  air.    Dr.  Halley  ofiers  a  conje^ure, 
F  f  3  indeed. 
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indeed,  that  the  vail  magnitu<ie  of  fuch  bodies  mighl; 
compcnrate  for  the  Ehimicfs  of  the  medium  in  which 
they  moved ;  whether  or  not  this  was  the  cafe,  cannot 
jocleed  be  afcertained,  as  we  have  fo  few  data  to  go 
vponj  but  the  greatcft  difBculty  is  to  account  for  the 
brighmefs  of  the  light.  Appearances  of  this  kind  are, 
indeed,  widi  great  probability,  a-tiributed  to  elcftricity, 
Jjut  the  difficulty  is  not  dius  removed;  though  the 
elc£T:ricaI  fiie  pervades  with  great  eafc  the  vacuum  d 
9  common  air-pump,  yet  h  does  not  in  that  cafe  ap- 
pear in  bright  well  defined  fparks  as  in  the  open  air, 
but  ratiier  in  long  ftrearos  refembling  the  aurora  bo- 
rcalis.  From  fome  late  experimcncs,  Mr.  Morgan 
concludes  that  the  cleftrical  fluid  cannot  penetrate  a 
perfeft  vacuum.  If  tliis  ftiould  be  the  cafe,  it  ftews 
ihat  the  regions  we  fpeak.  of  are  not  fuch  a  perfcft 
vacuum  as  can  be  artiBciaAly  madci  but  whether  (hey 
are  or  not.  (he  extreme  bnEhcnefe  of  the  lierbt  fticwi 


at  leaft  as  brighe  and  ftrong  as  at  the  furftce.  That 
it  docs  extend  much  higher,  is  evident  &om  the 
meteors  already  mentioned;  for  all  thefe  are  un-^' 
doubtedly  carried  along  with  the  ttmofpherej  other- 
wife  that  of  1783,  which  wjft  feen  for  about  a  minute, 
mutl  have  been  Icfi;  one  tboufand  miles  to  the  weft- 
wardj  bjr  the  earth  flying  out  below  it  in  it's  annual 
cgur^  rouod  the  fun  *.'       \ 
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Chat.    X. 

OF    S  O  U  |I  D. 

Ifmmd  mfiArtd  in  Three  Pohts  •fVle^.^.^Cemlii  fy  m  VUratiom  in 
the  Parts  •/  B9£ts.^-'PropMgmed  hy  am  tmduUttny  Matim  of  tbt 

^  Jir^TUs  pr0V€d  fy  Exferimmi.'^^GUffis  Mien  hj  an  Effort  ef 
tbi  f^nce.-^Ela/iit  Fluids  not  the  eufy  Means  ef  traafmittiag  Seumd-^rr 
Waser  W  JelidrBmfies  cemvsy  it^^^Feloeity  ef  Setmd^^^ExperimeMts 
en  this  SubJea.'^Echees^^r^hiJ^mg  GaOety. 

THERE  it  another  property  of  air,  which  could 
ilot  fo  conveniently  be  iptro4uced  into  the  pre* 
ceding  chapter  \  I  .mean  the  power  of  tranfmitting 
founds. 

Sound  is  prodqced  by  a  vibrating  niotion,  excited 
tn  a  fonorous  body  by  a  blow  or  a  fhock  from  another 
body,  and  the  fame  motion  is  communicated  by  thi^ 
Ibnorous  body  to  the  fluid  which  furrounds  it>  and 
tranfmitted  by  this  fluid  to  the  ear,  which  is  an  organ 
•dmirably  adapted  to  receive  its  imprefTion, 

From  this  definition  it  follows,  that  found  (hould  be 

confidcFcd  in  three  different  views;  fi/fl,  widi  refpeft 

to  the  fonorous  body  which  produces  it;  fecondly,  as 

to  the  medium  which  tranfmits  it^  and,  thirdly,  as  to 

,    the  organ  which  receives  the  impreffion. 

Thofe  bodies  arc  properly  coUcd/onorous  which  af- 
ford a  found  diftindl:,  and  of  fome  duration,  fuch  as 
bells,  t|ie  firings  of  a  vjolin,  &c.  and  not  thofe  which 
caufe  only  a  confufed  noife,  fuch  as  a  flone  produces 
when  it  falls  upon  a  pavement.  When  bodies  are, 
&n^y  ipeakiiig,  for^ofgysj  thev  arc  neceflanly  elaflicji 
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f&  will  be  afcerwards  proved;  and  their  found,  as  to    - 
its  force  and  duration,  is  proportionate  to  their  vitjra* 
^ns. 

S  uppoftf,  for  example,  the  bell  of  a  clock  to  t)c  ftruck 
by  any  folid  body,  a  kin^  of  uadulating  or  tremulous 
motion  is  imparccd  to  the  mfnutc  particles;  and  this  , 
HiMitfn  may  be  even  perceived  by  the  hand  or  fingers 
when  applied  to  the  bell. 

To  underftand  thi?  more  completely,  let  us  concnvo 
that  a  bell  is  compofcd  of  a  ferjes  of  circular  zones, 
decreafing  in  diameter  all  the  way  to  its  top,  each  trf" 
which  may  be  confidered  as  a  flat  ring,  compofcd  of 
as  many  concentric  circles  as  its  thicknefs  will  admit 
of  If  this  ring  is  ftruck  at  the  point  a  (Plate  XXX^ 
Fig.  4.)  the  part  fo  ftruck  tends  towards  g,  and  at  the 
fame  time  thc'parts  b  and  d  tend  towards  1  and  w,  and 
this  aftion  in  thcfe  parts  neceflarily  caufes  the  point  c 
to  approach  towards  ^;  by  their  elafUc  power,  how> 
ever,  thefe  parts  prefcntly  regain  the  pofition  in  which 
they  were  before  rhe  bell  was  ftruck ;  but  as  they  re- 
turn with  an  accelerated  force,  they  generally  go  be- 
yond the  point  where  they  ought  to  reft.  The  part 
Oi  therefore,  after  having  returned  from  g  to  a,  tfnda 
towards/,  the  part  c  cov^ards  b,  and  the  parts  b  and  ' 
d  towards  *  and  /j  whence  it  happens  that  the  bell,  at 
firft  of  a  circular  form,  really  becomes  alternately  oval 
in  two  different  directions;  it  follows  then,  that  in 
thofe  parts  where  the  curvature  is  the  greaieft,  their 
,  pxterior  points  depart  from  each  other. 

The  fame  circumftance  happens  tothe  mufical  cord 
of  a  harp,  or  other  ftringed  inftrument,  when  it  is 
touched,  for,  in  order  to  become  afigular,  as  BCD 
or  B  E  D  (Fig.  5.)  it  is  neceffary  that  the  ftring  Ihould 
pQ  fttctched  or  lengthened,  ar.^  confequendy  its  par- 
ticles 
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tides  be  in  focxie  meafurc  removed  from  the  point  o( 

eoncaft. 

There  are  thtn  two  vibrations  which  take  pUoc  In 
fonorous  bodies;  the  general  vibration,  which  changes 
the  form  of  the  body,  and  the  particular  vibration, 
which  afTeAs  the  minute  particles,  in  confcquencc  of 
tlie  former.  M.  de  la  Hire  has  proved  *,  that  the 
found  is  not  owing  to  the  general  vibration,  but  rather 
to  the  vibration  of  the  particles;  for  whenever  the  two 
vibrations  cm  be  feparated,  it  is  found  that  the  fbf- 
mer  produces  no  found ;  but  when  the  general  vtbft- 
tion  is  accompanied  with  a  vibration  of  the  particles, 
the  Utter  ic  is  tliac  regulates  tJie  duration,  the  forrt^ 
and  the  modulation  of  the  found ;  if,  on  die  contrary, 
ihefe  vibrations  are  flopped  or  interrupted  bjr  touch- 
ing the  fonorous  body,  the  found  imnicdiately  ceafcs. 
On  this  account  clock-makers  attach  to  tlie  hamma, 
which  ftrikes  the  bell  of  the  clock,  a  fmall  fpring, 
wliich  elevates  it  again  thft^moment  it  h»$  ftruck,  and 
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jthe  medium  of  fome  other  body,  which  receives  an 
^mpulfe  from  this  motion,  and  communicates  the  vi- 
Inations  to  our  oi^ns.  Thus  a  hard  blo'.v  upon  an 
^□v^  or  upon  a  bell  could  not  be  heard  by  us,  even  ac 
ti  very  fmall  diftancCj  if  there  was  not  a  medium  be« 
f;we«i  thofe  objeds  and  us  capable  of  tranfmitting  tht 
vibrations  to  our  auditory  nerves.  Elaftic  fluids  are  the 
fnoft  effefti'  e  mediums  for  this  purpofe,  and  conle- 
qucntly  the  air  is  the  moft  common  vehicle  of  found, 
whiph  b  very  eafily  proved  by  ringing  a  bell  under  the 
receiver  of  an  ajr-pumpj  the  found  it  affords  being 
found  gradually  to  dtminifh  as  the  air  becomes  ex-  . 
luufted,  till  at  length  it  ceafes  to  be  heard  at  alL 
That  the  air  is  capable  of  being  agitated  with  great 
^ce  appears  from  the  violent  concuflions  produced  bj 
cxplofions  of  gunpowder,  as  well  as  from  the  power, 
which  Ibmc  pcrfons  are  known  to  pofiefi,  of  breaking 
drinking- gl^cs,  by  means  of  their  voice,  when  found- 
ed in  unilbn  with  the  note  which  the  glafs  would  have 
produced  when  (truck.  The  tremulous  motion  ex- 
cited in  the  air  by  founding  bodies  has  been  fuppofed 
analogous  to  the  fucceflive  rings  which  are  produced 
by  difturbing  the  furface  of  water.  This  hypothe- 
cs, however,  was  difproved  by  the  oblervation  that 
(bunds,  whether  weak  or  loud»  always  travel  with  the 
fame  velocity,  which  does  not  hold  true  with  relpcft 
to  the  rings  on  the  furface  of  water,  fince  thefe  move 
fafter  or  flower  according  to  the  force  of  the  caufe , 
which  excited  them. 

Every  found  is  rendered  ftronger  or  weaker,  and  may 
be  heard  at  a  greater  or  lefs  diftance,  according  to  the 
denfity*  or  rarity  of  that  elaltic  fluid,  by  which  it  ir 

•  That  fome  degree  of  denfity  is  neceflary  in  a  fluid,  Co  enable 
it  to  convey  foniids,  is  evident  from  this  fail,  that  light,  wiiich  is 
a  fluid  extremely  rare,  ij  totally  deftitute  of  tb^i  power.— rwtt 
f!em.  dt  Pfy/fat,  torn.  ii.  p.  i^. 

proyag^tedft 
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.  propagated.  According  to  Mr.  Haukfbec,  who  bu 
made  deep  refcarches  into  this  branch  of  philoibphf, 
ivhen  air  has  acquired  twice  its  common  denficy  h 
tranfmits  found  twice  as  far  as  common  W;  wbcnct 
he  reafonably  concludes,  that  found  incre^s,  not 
only  in  direft  proportion  to  the  denfity  of  the  air,  but 
in  proportion  to  the  fquare  of  this  denfity. 

If  found  was  propagated  in  an  elaftic  fluid  mort 
dcnk  than  the  air,  it  would  be  carried  pn^ortionably 
farther.  I  have  proved  this,  fays  M.  Briflbn  *,  by 
putting  a  fonorous  body  into  carbonic  acid  gas  or 
fixable  air,  the  denfity  of  which  i%  about  one-third 
iDore  than  that  of  atmofpherical  air;  the  confequence 
was,  that  at  that  time,  and  in  that  fituation,  the  (bund 
was  very  confiderably  increafcd.  For  the  fame  rea- 
ifon,  the  dryncfs  of  the  air,  which  increafes  its  denfity, 
has  ^  confiderable  effeft  in  rendering  found  louder 
and  more  audible.  Sound  is  alfo  much  incre^fed  by 
the  reverberation  of  the  pulfes  of  the  air  from  thoft 
furrounding  bodies  againft  which  they  ftrilce,  whence 
it  happens  that  mufic  is  fo  much  louder  in  a  ^lofc 
apartment  than  in  the  open  air. 

Elaftic  fluids  are,  however,  not  the  only  medium 
through  which  found  may  be  tianfmitted;  for  it  may 
be  propagated  by  means  of  water  and  other  liquors, 
which  may  be  proved  by  immerfing  a  fonorous  body 
in  water;  but  it  mull  be  obfcrved,  that  in  this 
cafe  the  found  will  be  lefs  perceptible,  and  will  not 
extend  to  lb  great  a  dlftance ;  the  caufe  of  this  dimi- 
nution is,  bccaufe  mediums  for  the  tranfmiffion  of 
luund  ihoujd  be  elaftic,  and  that  is  a  property  which 
water  and  other  liquors  poffefs  only  in  a  very  rct 
ftridcd  degree. 

•  Elcm.  dc  Phyfique,  torn.  ii.  p.  iS^ 

S9unc| 
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Sound  is  atfo  tranfmitccd  by  iblid  bodies,  provided 
they  poflefs  a  futBcient;  degree  of  elaftict^  to  produce- 
thiseffta. 

,.  Li^t,  We  have  already  \leent  Is  prt>jc£ted  or  re- 
ItfAed  with  incredible  velocity;  but  found  is  tranP 
micicd  much  more  flowly,  aod  its  progreOion  is  very 
percepcible  to  our  fenfes.  The  fla(h  from  a  canncuT, 
or  even  a  mufkei,  may  be  fccn  fome  fcconds  befitfa 
l;be  found  reaches  our  ears.  As  the  motion  of  ligh^ 
therefore,  is  inftantanebus  with  rcfpeft  to  any  mode- 
rate dtllance,  thig  has  been  the  common  means  em- 
ployed for  afcertaining  the  progrefs  of  found.  Sir 
Ilaac  Ne\Tton  obferves  that  "  dl  founding  boiSes 
propagate  their  motions  on  all  fides  by  fucceflive  con* 
denfations  and  relaxations;  .that  is,  by  an  alternate 
prc^reffion  and  return  of'the  parciclesj"  and  thcfe 
vibrations,  when  Communicated  to  the  air,  arc  termed 
piJfes  of  found. 

AH  pulfcs  move  equally  faft.  This  is  proved  by 
experiment;  and  it  is  found  that  they  pals  about: 
one  thoufand  one  hundred  and  forty-two  fcet  in  a 
£:cond,  whether  die  found  is  loud  or  low,  grave  or 
acute  *. 

Some 

•  That  we  labour  under  a  deception  with  regard  to  tones,  and 
that  they  become  higher  as  they  come  from  a  greater  diftance,  irxy 
be  inferred  fram  mufica!  com  poll  tie  n.  The  greaceft  miRers  in  this 
art,  when  they  would  Liiiiate  a  diftant  echo,  generally  take  the 
founds  an  oftavc  higher.  A  few  years  ago,  a  fellow  exhibited  ia 
Weftminlter  the  art  of  imitating  founds  at  any  diftance  whatever. 
I  remarked,  that  whenever  he  deCgned  to  imitate  a  voice  coming 
from  a  great  diftance,  he  not  only  made  the  foiimi  more  low  and 
indiilinfi,  bat  ralied  the  tone  fevcral  pltchei  higher  than  that  ufcd 
m  his  nearer  imitations.  A  few  obfervaiions  fince  made  upott 
foDodt,  induce  me  to  believe,  that  ihey  become  higher  a>  they 
Come  from  a  dillance  more  remote  -,  *liile,  on  the  contriry,  that 
Chey  deepen  the  more  ihe  vibraLior*  approach  the  libyiinth  of 
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Some  curious  experiments  were  made,  relative  ta 
the  propagation  of  found,  by  Meflieurs  dc  ThurjTf 
Maraldi,  and  de  la  Caille,  upon  a  line  fourteen  thou-^ 
land  fix  hundred  and  thirty-fix  fathoms  id  lengdi, 
having  the  tower  of  Mount  Lhcri  at  one  end,  and  thtf 
pyramid  of  Mdntmartre  at  the  other  extremity  of  that- 
diftance:  their  obfcrvatory  was  placed  between  thofc 
two  objedls.  The  refult  of  their  obfervations  wcrtf 
thefe,  I  ft.  That  found  moves  one  hundred  and  ft- 
venty-three  fathoms  French  in  a  fecond,  when  the  air 
is  calm,  ad*  That  found  moves  with  the  fame  degree! 
of  fwiftncfs  whether  it  is  ftrong  or  weak ;  for  thefc 
gentlemen  obfervcd,  that  the  difcharge  of  a  box  of 
half  a  pound  of  gunpowder  exploded  at  Mont- 
martre  was  heard  at  Mount  Lheri  in  the  fame  fpacc 
of  time  as  the  report  of  a  great  gun  charged  with 
liearly  fix  pounds  of  powder.  3d.  That  die  mouon 
of  found  is  uniform ;  that  its  velocity  neither  acce- 
lerates nor  diminilhes  through  the  whole  courfc  of  its 

the  car.  The  fallowing  eafy  and  common  experiment,  I  think, 
will  prove  it.  Take  any  thing  whatever,  capable  of  giving  a 
found ;  let  it  be  a  common  poker  for  inllance,  and  tying  on  t 
garter  at  top,  fo  as  that  both  tndb  of  the  garter  are  left  at  liber- 
ty; thefe  ends  mull  be  rolled  round  the  firft  finger  of  each  hand, 
and  then  with  thefe  fingers  Hopping  the  cars  dole,  ftrike  the  poker 
thus  fufpended  againft  any  body  whatfocver.  The  depth  of  the 
tone  which  this  new  mufical  inftrument  returns  will  be  amazing. 
The  deeped  and  largell  bell  will  not'  equal  it.  Whence  is  thb, 
unlefs  from  the  clofe  approach  of  the  founding  body,  whofe  vi- 
brations arc  immediately  communicated  to  the  internal  parts  of 
the  ear.  I  am  fcnfible  that  many  objedions  may  be  made  10  this 
laft  opinion;  fucceeding  experience  mull,  however,  determine 
whether  it  be  juft  or  not;  but  fiich  as  make  them  mull  be  particu- 
larly careful  not  to  let  their  former  experience  Corrc6l  their  im- 
medi.ite  fer.fiitiors.  This  alteration  of  tone,  with  diHance,  how- 
ever, muil  diminilh  but  by  great  intervals.  Goit{/mith"j  PLh^bphy^ 
vol.  U.  p.  ip5,  196. 

progrcfs. 
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progress.  4th.  That  the  velocity  of  found  is  the 
famcj  whether  a  canilon  is  placed  toffards  the  per' 
fon  who  hears  its  report,  or  turned  a  contrary  way ; 
in  other  words,  a  grMt  gun  firedfrOfli  the  Tower  of 
London  caftward,  would  be  heard  at  Wcftminftcr  in 
the  lame  interval  of  time  as  if  ic  was  difcharged  to- 
wards the  latter  place.  And  if  the  gun  was  dif- 
charged in  a  diredion  perpendicular  to  the  horizon, 
k  would  be  heard  as  foon  as  if  difcharged  in  a  righc 
line  cowards  the  hearer.  By  other  experiments,  how- 
ever, the  progrefs  of  found  appears  to  be  impeded  by 
jf  ftrong  wind,  fo  that  it  travels  at  the  rate  of  about 
one  mile  flower  in  a  minute  againft  a  Ib-ong  wind  chatt 
with  it. 

A  knowledge  of  the  progrcffion  of  found  is  not  an 
*  article  of  mere  fterile  curiofuy,  but  in  fcveral  io- 
flances  ufeful ;  for  by  this  we  are  enabled  co  deter- 
mine the  diftance  of  fiiips  or  other  moving  bodies; 
Suppofe,  for  example,  a  veflel  fires  a  gun,  the  (bund 
of  which  is  heard  five  feconds  after  the  Bafli  is  feenj 
as  found  moves  1 142  Englifh  feet  in  one  fecond,  thia 
number  multiplied  by  5  gives  the  diftance  of  571a 
feet.  The  fame  principle  has  been  already  mentioned 
as  applicable  in  ftorms  of  Hghming  and  thunder. 

The  waves  or  pulfes  of  found  being  rellexible  in 
their  courte  when  they  meet  with  an  extended  fdlid 
body  of  a  regular  furface,  an  ear  placed  In  the  paf* 
ftge  of  diefe  refleftcd  waves  will  perceive  a  found 
iimilar  to  the  original  found,  but  which  will  fcem  to 
proceed  from  a  body  fituated  in  a  Hmilar  pofition 
and  diftance  behind  the  plane  of  refleiftion,  as  the  real 
founding  body  is  before  it.  This  refloated  found  is 
commonly  called  an  echo,  which,  however,  cannot 
take  place  at  Icis  than  fifty-five  feets  becaufe  it  is 
%  neceffary 


^t  -  Eehea.  t^ookV. 

neccflaty  that  the  djftance  (houJd  be  fuch,  and  the 
tf vcrbcratcd  or  refledtcd  found  fo  long  in  arriving  J 
that  the  ear  may  diflingulffk  clearly  becween  thic  and' 
the  original  fouad  *. 

*  "  It  is  in  general  Icnown,  iftat  cuvens,  grotton,  ntauDt^ritr 
amJroinct!  buildingi  reiurn  thii  image  of  founi}.     Image  «En«^ 
cull  it,  fiw  In  ever)'  refpefl  U  rHcmblct  ihe  image  ef  a  vifiWe  ^ 
jed  r^dedcd  from  a  polilhcd  (aiftse.     Qur  figuirc)  are  often  ret 
pwrcnicil  in  a  muTot  wiihoui  Iceiiig  them  ourreives.  uhile  tlxde 
iUn<liflg  on  one  TiJe  ate  alone  Ccnlible  of  ciic  reilcclion.     To  be 
capablt  or  feeing  the  relTecied  iihage  of  oarfelvcs,  we  inu3  be  ^l> 
tefi\y  in  a  !ine  u  iih  the  imag?.     Jul!  fots  it  in  in  echo;  wenuA 
ftuid  in  the  line  in  which  the  found  is  rrflefled.  or  the  remiiiiea 
wiltbe  loll  to  us,  ^vhile  it  may,  at  the  fame  time,  be  diiliodlf 
heard  by  otlien  who  Ibiod  at  3  Tmnll  diDnncc  lo  one  fide  of  uv 
]  Kiucmbcr  a  vtty  extraordinaiy  echo,  at  a  ruined  fortrcA  "^ill 
£oumn.  io  Flander;.     If  a  perion  fang,  he  Only  hcan!  hu  ovirfl 
•  ViMtt.  without  aoy  repetitioo  j  on  the  contrary, diofc  who  ftaorf4  i 
fiaoie  dillance,  heard  the  echo  but  not  the  voic«  t  but  ifacn  iWiJ 
heard  k  with  furprifing  vubtHtnit  fonetiines  lotuter.  *■ ^ —  ' 
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Refleftcd  found  may  be  magnified  by  much  the 
iame  contrivances  as  are  ufcd'inx)ptics  rcfpcfting  light : 
hence  it  follows,  that  founds  utercd  in  one  focus  of  an 
elliptical  cavity  are  heard  much  magnified  in  the  other 
focus.  The  whifpering  gallery  at  St.  Paul's  cathedral 
in  London  is  of  this  defcription  ;  a  whifper  uttered  at 
one  fide  of  the  dome  is  reflefted  to  the  other,  and  may 
be  very  diftinftly  heard.  The  fpeaking  and  car 
trumpets  are  conftrufted  on  fhis  principle-  The  belt 
form  for  thefe  inftruments  is  a  hollow  parabolic  conoid, 
"with  a  fmall  orifice  at  the  top  or  apex,  to  which  the 
ipouth  is  applied  when  the  found  is  to  be  magnifiedi 
or  the*  ear  when  the  hearing  is  to  be  facilitated. 

The  ftrufture  of  the  ear  is  one  of  the  moft  compli- 
cated and  difficult  fubjefts  of  phyfiology,  and  it  could 
fcarcely  be  comprehended  without  fome  previous 
knowledge  of  the  conftituent  parts  of  the  animal 
frame  j  for  this  reafon  it  will  be  nedreflary  to  defer  the 
confideration  of  the  manner  in  which  we  receive  ideas 
of  found,  till  I  come  to  treat  of  that  part  of  the  animal 
economy  which  refpefts  the  fenfc  of  hearing. 

iword  til]  the  fpe^ker  has  finidied  it,  throws  all  the  foUTids  into 
CQnfufion.  Thus  the  (hcatre  at  the  Hay- market  enlarges  the 
found  very  much ;  but  then  at  a  long  interval  afcer  the  finger  or 
fpeaker.  The  theatre  at  Drury-lane,  before  it  was  altered,  en- 
larged the  found-but  in  a  fmall  degree;  but  then  the  repetition  was 
extremely  quick  in  its  purfuit,  and  the  founds,  when  heard,  were 
therefore  heard  didindlly.  Dergolife,.  the  great  mufical  compofer^ 
ufcd  to  fay,  that  an  echo  was  the  befl  fchool-miilref*;  for  let  a 
man's  own  mufic  be  ever  fo  good,  by  playing  to  an  echo  fhc  would 
teach  him  to  improve  iX^*^'^GoU/mUh*s  Philojcphy,  vol.  ii.  p.  20 1 
—204- 
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Chap.    XL 


WINDS. 


Differnti  Opimons  eoncerning  the  gerurml  Caufe  of  Winds j^^Of  GtntrJi 
or  Trade  fVimds.'-^O/  Monsoons  — Cy  Sea  and  Land  Breezes.'^ 
Caujes  of  thefe. — Variahle  Winds, '^^Storms, "^Hurricanes j^^Tht 
Harmaitan.'^Tbe  Sirocco  Wind.'-^'J'he  SamieL'^Mo*ving  PiUariif 
Sand.^^Tbe  Simoom,'^Wbirl'winds,^^WaterJpcuts.^^Tormadeeu 


TH  E  opinions  of  philofophers  have  varied  much 
refpedting  the  caufe  of  winds,  and  nnany  of  cbcir 
theories  are  little  more  than- mere  conjedures ;  but  it 
mufl:  be  confeiTed,  that  ele6lricity  and  a  chemical 
knowledge  of  air  have  latterly  in  fome  degree  im- 
proved our  imperfed  acquaintance  with  thefe  aerial 
•  currents. 

It  has  been  already  obferved>  that  air  is  expanded 
by  heat,  and  its  fpring  confequently  increafed  j  and  it 
is  well  known  alfo  tliat  its  elafticity  is  weakened  by 
cold  or  freezing  mixtures.  From  experiments  which 
have  been  noade  for  the  illuftration  of  thefe  properties 
of  air,  we  are  enabled  to  point  out  the  caufcs  of  many 
phenomena  that  occur  in  the  atmolphere. 

When  a  fire  is  made  in  the  open  air,  the  rarefied 
part  of  that  fluid  will  afcend  in  a  current,  and  the 
cooler  and  denfer  air  will  riifh  in  on  all  fides,  in  confc- 
quence  of  which  a  wind  is  generated,  and  blows 
conftandy  towards  the  fire.  The  wind  produced  in 
this  manner  will  be  too  inc'onfidcrable  to  be  perceived 
at  any  great  diftance;  but  the  rarefaftions  which  arifc 
from  natural  caufes  may  be  fuch  as  to  agitate  our  at- 
mofphere  fufficiendy  to  produce  thofe  torrents  of  air 

which 
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which  have  always  a  powerful  effc6t  in  nature,  and 
which  fometimes  overwhelm  and  deftroy  the  faireft 
produdtions  of  human  art. 

M.  Briffon  is  inclined  to  believe,  that  electricity  is 
the  firft  and  general  caufe  of  all  variable  winds:  '  Thun- 
der and  water- fpouts  */  fays  he,  '  are  now  acknow- 
ledged to  be  eledrical  phenomena,  and  thefe  are  fre-^ 
quendy  accompanied  with  formidable  winds.  Why 
may  not  the  caufe  which  produces  thefe  phenon^ena 
be  alfo  that  of  the  winds  which  accompany  them  ?  If 
cleftricity  is  the  caufe  of  thefe  winds,  why  may  it  not 
be  the  caufe  of  the  others  t  ?' 

Winds  are  commonly  divided  into  three  clafles,  viz. 
general,  periodical,  and  friable  winds. 

General  or  permanent  win4s  blow  always  nearly  ia 
the  fame  direftion.  In  the  Atlantic  ^rid  Pacific  Oceans^ 
under  the  equator,  the  wind  is  almoft  always  eafterly  i 
it  blows,  indeed,  in  this  direftion,  on  both  fides  of  the 
equator  to  the  latitude  of  a 8*.  More  to  the  north- 
ward of  the  equator,  the  wind  generally  blows  be- 
tween the  north  and  eaft,  and  the  farther  north  we 
proceed^  we  find  the  wind  to  blow  in  a  more  northern 
direftion  i  more  to  the  fouthward  of  the  equator  it 
blows  between  the  fouth  and  eaft,  aiid  the  farther  to 
the  fouth,  the  more  it  comes  in  that  direftion. 

Between  the  parallels  of  iV  and  40**  fouth  lat.  in 
diat  ti^aft  which  extends  from  39**  weft  to  iog*  eaft 
longitude  from  London,  the  wind  is  variable,  but  it 
moft  frequendy  blows  from  between  the  N.  W. 
and  S.  W.  fo  that  the  outward  bound  Eaft  India  Ihips 

•  With  refpe£t  to  the  latter  I  entertain  many  donbts,  at  lead 
JI5  to  e1e£lricity  being  the  pcoximate  or  efficient  caofe.  See  the 
latter  part  of  this  chapter. 

f  Briflbn,  Traite  klem.  de  Phyfiqae^  torn.  ii.  p.  180. 
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generally  run  down  their  calling  on  the  paraDel  of 
^fi"  fouch  *. 

Navigators  have  given  the  appellation-  of  traits 
v:'mds  to  thefe  general  winds. 

Thofe  winds,  which  blow  in  a  certain  direction  for 
a  tinrrc,  and  at  certain  dated  feafons  change  and  blow 
for  an  equal  fpace  of  time  from  the  oppofite  point  of 
the  compafs,  are  called  mon/oorts.  During  the  months 
of  Aprilj  May,  June,  July,  Augufl:,  and  September, 
the  wind  blows  from  the  fouthward  over  the  whole 
length  of  the  Indian  Ocean ;  viz.  between  the  parallels 
of  iS'  N.  and  a 8*  S.  lac  and  between  theeaftem  coaft 
of  Africa  and  the  meridian  which  pafles  through  the 
wcftern  part  of  Japan  j  but  in  the  other  months,  Odo- 
ber,  November,  December,  January,  February,  and 
March,  the  winds  in  all  the  northern  parts  of  the 
Indian  Ocean  (hift  round,  and  blow  direftly  contrary 
to  the  courfe  they  held  in  the  former  fix  months. 
For  fome  days  before  and  after  the  change,  there  arc 
calms,  variable  winds,  and  tremendous  ilorms,  with 
thunder,  &c. 

Philofophers  differ  in  their  opinions  refpefting  the 
caufc  of  thefe  periodical  winds  j  but  a  moft  probable 
theory  of  the  gener^  trade-winds  is,  that  they  are  oc- 
cafioned  by  the  heat  of  die  fun  in  the  regions  about  the 
equator,  where  the  air  is  heated  to  a  greater  degree,  and 
confequenrly  rarefied  more  than  in  thofe  parts  of  the 
globe  which  are  nearer  the  poles.  From  this  expanfion 
of  the  air  in  thefe  tropical  regions,  the  denfer  air,  in 
higher  laritudes,  rufhes  violently  towards  the  equator 
from  both  fides  of  the  globe.  By  this  conflux  of  the 
denfer  air,  without  any  other  circumftances  intervening, 
a  dircft  northerly  wind  would  be  produced  in  the  noi  ta- 

•  See  Nicholfon's  Piiil.  vol.  ii.  p.  s^* 
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era  tropic,  and  a  fouthcm  one  in  the  othcrtropic ;  but 
as  the  earth's  dkiraal  motion  varies  the  dsreft  influence 
of  the  fun  over  the  furfjce  of  the  earth,  and  as  by  that 
motion  this  infiuTHCe  is  communicated  from  eafl  to 
weft)  an  eafterly  wind  would  be  produced,  tf  this  in- 
fluence abne  prevailed.  On  account  of  the  coropera- 
tion  of  thcfe  two  caufes  at  the  lame  time,  the  tradc- 
vinds  blow  naturally  from  the  N.  E.  on  the  north,  and 
from  the  S.  E.  on  the  fouth  of  the  line,  throughout  the 
whole  year  j  but  as  the  fun  approaches  nearer  the  tfopic 
of  Cancer  in  our  fummer  fcafon,  the  point  towards 
which  Ehefeji-inds  are  directed  will  not  be  invariably 
'  the  fame,  but  they  will  incline  more  towards  the  north 
in  that  fealbn,  and  more  towards  the  fouth  in  our 
winter. 

The  land  and/ea  breezes  in  the  tropical  climates  may 
be  confidercd  as  partial  interruptions  of  the  general 
trade  winds,  and  the  caufc  of  thefe  it  is  not  very  diffi- 
cult.to  explain.  From  water  being  a  better  conductor 
of  heat  than  earth,  the  water  is  always  of  a  more  evco 
temperature.  During  the  day,  therefore,  the  land  be- 
comes confiderably  heated,  the  air  rarefied,  and  con- 
fcquently  in  the  afternoon  a  lireeze  fcts  in  from  the 
fca,  which  is  lefs  heated  at  that  time  than  the  land. 
On  tjie  other  hand,  during  the  night,  the  earth  lofes  its 
furplus  heat,  while  the  fea  continues  more  even  in  its 
temperature.  Towards  morning,  therefore,  a  breeze 
regularly  proceeds  from  ihe  land  towards  the  ocean, 
where  the  air  is  warmer,  and  confequently  more  rarefied 
^an  on  fhore. 

The  caufe  of  the  monfocns  is  not  fo  well  underflood 
»s  that  of  the  general  trade  winds;  bur  what  has  been 
jiift  remarked,  fuggefts,  at  leaft,  a  probable  theory 
on  the  fubjeft.  It  is  well  known,  that  at  the  equator  the 
changes  of  heat  and  cold  are  occaficHipd  by  the  dittrntl 
Gg  3  motioa 
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motion  of  the  earth,  and  that  the  difference  between 
the  heat  of  the  day  and  the  night  is  almoft  all  that  is 
perceived  in  thofe  tropical  regions;  whereas  in  the 
jpolar  regions  the  great  viciflitudes  of  heat  and  cold 
ore  occafioned  by  the  annual  motion  of  the  globe, 
which  produces  the  fenfible  changes  oi  winter  and^rm* 
mer  ;  confcquently,  if  the  heat  of  the  ilin  was  the  only 
caufe  of  the  variation  of  the  winds,  the  changes,  if 
any,  that  would  be  produced  by  ihofe  means  in  equa- 
torial regions,  ought  to  be  diurnal  only,  but  the  changes 
about  the  pole  fhould  be  experienced  only  once  in  fix 
months.  As  the  efFefls  arifing  from  the  heat  of  the 
fun  upon  the  air  muft  be  greater  at  the  equator  than  at 
the  poles,  the  changes  of  the  wind  arifing  from  the  ex-' 
panfion  of  the  air  by  the  fun's  rays  muft  be  more  fteady 
m  equatorial  than  in  polar  regions.  The  incontrover- 
tible evidence  of  navigators  proves  this  truth,  that 
winds  are  more  variable  towards  the  poles,  and  more 
conftant  towards  the  equator.  But  in  fummer,  the 
continual  heat,  even  in  high  latitudes,  comes  to  befcn- 
fibly  felt,  and  produces  changes  on  the  wind,  which  are 
diftlndlly  perceptible.  In  our  own  cold  region,  the 
cfFefts  of  the  fun  on  the  wind  are  felt  during  the  fum- 
mer months  j  for  while  the  weather  in  that  feafon  of 
the  year  is  fine,  the  wind  generally  becomes  ftronger  as 
the  time  of  the  day  advances,  and  dies  away  towards  the 
evening,  and  afTumes  that  pleafing  ferenity  fo  delight- 
ful to  our  feelings.  Such  are  the  diurnal  changes  of 
the  wind  in  northern  climates.  The  annual  revolution 
of  the  fun  produces  ftill  more  fenfible  efFc6fa.  The 
prevalence  of  the  weftern  winds  during  fummer,  we  may 
attribute  to  tliis  caufe,  which  is  ftill  more  perceptible 
in  France  and  Spain  i  becaufe  the  continent  of  land  to 
the  eaftward,  being  heated  more  than  the  waters  of  the 
Atlantic  Ocean,  the  air  is  drawn^  during  that  feafon, 

toward^ 
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towards  the  eaft,  and  confequcntly  produces  a  wcftem 
wind. 

But  thefe  effects  are  much  more  perceptible  -n 
■countries  near  the  tropics  than  with  us.  For  when  the 
fun  approaches  the  tropic  of  Cancer,  the  foil  of  Pcrfia, 
Bengal,  China,  and  the  adjoining  countries,  becomes 
io  much  more  heated  than  the  fea  to  the  Ibuthward  of 
thofe  countries,  that  the  current  of  the  general  trade 
wind  is  interrupted,  fo  as  to  blow,  at  that  feafon,  from 
the  fouth  to  the  north,  contrary  to  what  it  would  do  if 
no  land  was  there.  But  as  the  high  mountains  of 
Africa,  during  nil  the  year,  are  extremely  cold,  the  low 
countries  of  India,  to  the  taftward  of  it,  befome  hotter 
than  Africa  in  fummer,  and  the  air  is  naturally  drawn 
thence  to  the  eaftward.  From  the  fame  caiffe  it  fol- 
lows, that  the  trade  wind,  in  the  Indian  Ocean,  from 
April  till  Oftober,  blows  in  a  north-eaft  direftion, 
contrary  to  that  of  the  general  trade  wind,  in  open  feas, 
in  the  fame  latitude  ;  but  when  the  fun  retires  towards 
the  tropic  of  Capricorn,  thefe  northern  parts  become 
cooler,  and  the  general  trade  wind  alTurnes  its  natural 
dircflion. 

Having  given  the  moft  obvious  caufes  of  the  pe- 
riodical monfoons  in  the  Indian  feas,  it  is  neceflary  to 
obferve,  that  no  monfoon  takes  place  to  the  f  <uth- 
ward  of  the  equator,  except  in  that  part  of  the  ocean 
adjoining  to  New  Holland.  There  the'  fame  caufes 
concur  CO  produce  a  monfoon  as  in  the  northern  tro- 
pic, and  fimilar  appearances  take  place.  From  Ofto- 
ber  till  April  the  monfoon  fets  in  from  the  N.  W.  to 
S.  E.  oppbfire  to  the  general  courfe  of  the  trade  wind 
on  the  other  fide  of  the  line  ;  and  here  alio  the  general 
trade  wind  refumes  its  ufual  courfe  during  the  other 
months,  which  conftitute  the  winter  feafon  in  thefe 
regions.  It  may  not  be  improper  Co  (joncliide  this 
G  g  4  account 
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account  of  the  tropical  winds,  by  enumerating  fome  of 
the  principal  inflexions  of  the  monfoons. 

Between  the  months  x^  April  and  Oftober  the 
Vind  blows  conftantly  fronri  W.  S.  W.  in  all  that  part 
of  the  Indian  6cean  which  lies  between  Madagafcar 
and  Cape  Coramorin,  and  in  the  contrary  diredion 
from  0<Stober  till  April,  with  fome  fmall  variation  in 
different  places  j  but  in  the  bay  of  Bengal  thefe  winds 
are  neither  fo  ftrong  nor  fo  conftant  as  in  the  Indian 
ocean.  It  muft  alfo  be  remarked,  that  the  S.  W.  winds 
in  thofe  feas  arc  more  foutherly  on  the  African  fide, 
and  more  weftcfly  on  the  fide  of  India ;  but  thefe  var 
nations  are  not  fo  great  as  t;o  be  repugnant  to  the  ge- 
neral theory.  The  caufe  of  this  variaci  )n  is,  as  was 
before  intimated,  that  the  mountainous  lands  of  Africa 
are  colder  than  the  flatter  regions  of  Arabia  and  India, 
ponfequently  the  wind  naturally  blows  from  thefe  cold 
mountains,  in  die  fummer  feafon,  towards  the  warmer 
lands  of  Afia,  which  occafions  thofe  inflexions  of  the 
wind  to  the  eaflward  during  the  furiimer  months. 
The  peninfula  of  India,  lying  fo  much  farther  to  the 
fouth  than  the  kingdoms  of  Arabia  and  Pcrfia,  adds 
greatly  to  thiseffeft,  becaufc  the  wind  narurally  draws 
towards  them,  and  produces  that  eaftcrly  variation  of 
the  monfoon  which  takes  place  in  this  part  of  the 
ocean,  while  the  fandy  deferts  of  Arabia  draw  the  winds 
more  direftly  northward,  near  the  African  coaft.  A 
fimilar  chain  of  reafoning  will  ferve  to  explain  any 
other  inflexions  or  variations  that  may  occur  in  the 
perufal  of  books  of  travels,  &c. 

The  variable  winds,  which  take  place  in  thefe  cli- 
mates, depend  upon  difitrcnt  caufes ;  but  I  am  in- 
clined to  agree  with  M.  Briffon  in  attributing  them 
chiefly  to  eleftricity.  It  is  to  be  remembered,  that 
whatever  deftroys  the  equilibrium  of  the  air,  in  other 
^  words^ 
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words,  any  caufe.whlch  produces  a  fudden  rare&^ion 
in  any  part  of  die  atmofphcre,  produces  a  current  of 
wind  towards  tlie  part  where  the  rarefaflion  ukes* 
place  i  winds  are,  therefore,  not  only  produced  by  the 
earth  being  heated  in  a  particular  part,  but  by  diunder 
ftorms  or  other  cleftrical  phenornena.  The  rays  of 
the  fun  are  alfo  foinecimes  obftru<fted  by  cloud;  or 
l^ifls  in  particular  places,  and  one  part  of  the  world, 
or  even  of  a  particular  country,  will  confequcndy  be 
kls  heated  than  another  i  in  that  cale  there  will  always 
be  a  current  of  air  from  the  cold  to  the  warm  region, 
Bciidcs  this,  the  falling  of  rain,  or  other  circumflanccs, 
produce  occalional  alterations  in  the  temperature ;  and 
whenever  thtfe  lake  place  in  any  country,  they  muft 
be  attended  with  wind.  The  great  Bacon  was  the  firfl: 
who  aicempted  a  theory  of  the  wind  ;  and  it  is  to  be 
lamented  that  his  plan  has  not  been  purfued  by  fuc- 
cecding  philofophcrs.  The  following  is  a  fkctch  of 
his  general  principles,  with  a  few  additions  by  modern 
obiervers. 

'  At  fca  the  winds  are  more  regular  tlian.  at  land  ; 
for  there  nothing  oppofes  their  progrels,  or  alters  the 
fun's  influence. 

'Theairatfea  is  more  eqoable,  as  well  as  more 
conftant :  at  land  it  blows  in  fits  of  force  and  intcrmifr 
^n ;  but  at  fea  the  current  is  ftrong,  fteady,  and  even. 

'  In  general,  at  fea,  on  this  fide  the  equator,  the  eaft 
pnd  north  winds  arc  moft  violent  and  boifterous :  on 
the  contrary,  at  land,  the  weft  and  fouth  winds  moft 
frequently  produce  hurricanes  and  tempefts. 

'  The  air  is  often  feen  to  move  in  two  contrary  cur- 
rents, and  this  almoft  ever  previous  to  thunder.  The 
clouds,  in  fuch  a  cafe,  are  Teen  to  move  one  way,  while 
the  weather(:ock  points  another. 

•The 
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<  The  imds  are  more  violent  at  certain  heights  than 
upon  the  plain j  and  the  higher  we  afcend  lofty  moun- 
tains,  the  greater  is  the  force  of  the  wind,  till  we  get 
abore  the  ordinary  heights  of  the  clouds.  Above  this 
the  Iky  is  ufually  ferene  and  dear.  The  reafbn  i^ 
that  the  wind,  at  the  furiace  of  the  earth,  is  condnually 
'  interrupted  by  hills  $ind  rifings :  fo  that,  on  the  plain, 
between  any  two  of  thefe^  the  inhabitants  are  in  a  kind 
of  fheltcr;  but  when  once  thb  interpoiition  of  fmal 
bins  no  longer  ftops  the  wind's  courfe,  it  then*  becomes 
ftronger,  as  the  interruptions  it  meets  with  are  fewer. 
iVt  the  tops  of  the  higher  mountains  its  interruptions 
are  kail  of  all ;  but  it  does  not  blow  with  violence 
there ;  for  its  dcnfity  is  fb  much  /dimini(bed  by  die 
height,  that  its  fore*  is  fcarcely  perceptible,  and  the 
Itorm  falls  midway  below.  What  is  commonly  called 
a  high  wind  moves  at  the  rate  of  about  thirty- five 
sniles  an  hour. 

*  A  current  of  air  always  augments  in  force  in  pro- 
portion as  the  paffage  through  which  it  runs  ^s  diml- 
liifhed.  The  law  of  this  augmentation  is,  that  the  air's 
force  is  compounded  of  its  fwiftnefs  and  denfity,  and 
as  thefc  are  increafed,  fo  will  the  force  of  the  wind.  If 
any  quantity  of  wind  moves  with  twice  the  fwiftnefs  of 
a  fimilar  quantity,  it  will  have  twice  its  force  j  but  ifj 
at  the  feme  time  that  it  is  twice  as  fwift,  it  moves 
through  twice  a  fmaller  tube,  and  the  fides  of  the  canal 
give  no  refiftance  to  its  motion,  it  will  have  four  times 
the  force.  This,  however,  is  not  entirely  the  cafe ; 
for  the  fides  of  the  tube  give  a  refiftance,  and  retard 
its  motion,  in  a  proportion  that  is  not  eafily  calculated. 
From  this  increafe  'of  the  wind's  denfity  in  blowing 
through  narrow  paflages,  it  is  that  we  fee  the  ftorms  fo 
,  very  violent  that  fometrmes  blow  between  two  neigh* 
'bouring  hills.    It  is  from  this^  that  when  caught  in 

long 
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long  arcades  opening  at  one  end,  the  wind  bbws  with 
great  force  along  them.  From  this  incrcafcd  dei^Gty 
It  is,  that  wc  meet  with  fuch  cold  blafts  at  the  corners 
of  ftreets.  In  (hort,  whatever  diminiflies  its  bulk, 
without  taking  entirely  away  from  its  motion,  increafes 
the  vehemence  of  the  wind.  This  alfo  is  the  reafba 
why  the  air  refle<5led  back  from  the  fide  of  a  mountain 
is  often  more  violent  than  the  air  which  firft  ftmck  its 
fide  ;  for  it  is  by  this  means  condenfsd,  and  its  force 
augmfnted.  The  countrymen  uid  farmers  have  % 
diftindion  which  is  not  without  its  foundation;  (0^ 
they  make  a  difference  between  a  fwift  and  an  heavy 
ftorm :  the  fwift  ftbrm  is  loud,  boifterous,  and  inoffen- 
five ;  the  heavy  ftorm  more  boifterous  and  alfo  more 
dangerous.  This  Ihews  the  infufficiency  of  thofe  in- 
ftrumenci  made  for  meafuring  winds,  by  meafuring  the 
rapidity  only  with  which  they  move*.' 

It  would  be  happy  indeed  for  fcience  and  for  man- 
kind  if  thefe  refearchcs  could  have  been  carried  further. 
To  prejifl:  an  eclipfe,  fays  a  late  writer,  is  an  objeft 
merely  of  curiofity  j  to  predii5t  an  approaching  ftorm 
would  be  of  inconceivable  benefit.  What  is  ftill  lui- 
accpmpliflied  with  rcfpeft  to  our  own  climate,  has  how- 
ever been  attempted  wth  refpcft  to  thofe  alarming 
^orms  which  happen  in  the  Weft-Indies,  and  which 
are  commonly  denominated  hurricanes, 

Thefe  dreadful  convulfions  of  nature.  Dr.  Ptrkins, 
of  Bofton,  in  America,  fuppofes  to  be  caufcd  by  fome 
occafional  obftruftlon  in  the  ufual  and  natural  progrcis 
of  the  equatorial  trade  winds.  The  reafon  he  affigns 
for  this  coryeflure  is,  the  more  than  ufual  calm  which 
commonly  precedes  them.  In  the  natural  courfe  of 
(he  trade  winds,  the  air  rifes  up  in  the  line,  and  pafles 

•  GoMGoith'i  Philofopfay.  vol.  ii.  p.  ^43. 


j^  Bejcripiion  rf  [BookV. 

oS*  towards  :the  pples^  and,  in  the  mone  contrafted  de- 
grees of  the  higher  latitudes,  takes  the  courfe  of  the 
weft  trade  winds,  fo  that  could  their  afcent  be  pre- 
vented through  tlic  whole  circle  of  the  zone,  there 
would  be  no  more  weft  winds  in  thofe  latitudes  than  in 
any  other.  Very  violent  rains  and  cold,  however,  tend 
to  check  the  afcent  of  air  out  of  this  circle,  rather 
caufmg  it  to  defcend.  Great  clouds  and  vapour  ge* 
jierate  cold  and  wet,  while  rain  beats  down  the  air; 
and  as  thcfe  prevent  the  rifing  of  the  air  out  of  the  line, 
*fo  they  hinder  its  ufual  progrefs  from  the  tropics  on  both 
fides ;  hence  the  calms  which  ufually  precede  hur- 
ricanes. Calms,  in  thefe  tropical  regions,  are  caufcd 
by  the  afcenc  of  the  air  into  the  higher  part  of  the  at- 
mofpherc,  inftead  of  its  remaining  near  die  line :  the 
accumulation  of  air  above  then  becomes  heavier  by 
the  cold  which  it  meets  in  thofe  regions,  and  defcenck 
into  the  more  rarefied  region  below.  Thefe  heavy 
gales,  therefore,  will  continue  to  defcend  till  the  upper 
regions  are  entirely  exonerated  *. 

In  Mr.  Bcckford's  hiftory  of  Jamaica  there  is  a  very 
detailed  and  ftriking  account  of  the  dreadful  hurricane 
v/hich  defolated  the  iflands  in  the  year  1780,  but  it  is 
too  long  for  infcrtion  as  an  extract,  and  in  an  abridged 
ftatc  the  dcfcription  would  loie  its  force.  *  It  is  in  the 
rainy  feafon  (fays  Mr.  Adams)  princijially  in  the  month 
cf  Auguft,  that  they  are  afiaukeU  by  hurricanes,  which 
deftroy  at  a  ftruke  the  labours  of  many  years,  rnd 
proftrate  the  molt  exalted  Jiopes  of  the  planter,  and 
that,  often  when  he  thinks  himfclf  out  of  the  reach  of 
fortune.  It  is  a  fudden  and  violent  ftorni  of  wind, 
rain,  thunder,  and 'lightning,  attended  with  a  furious 
fwelling  of  the  feas,  and  fom.ctimcs  with  an  earthquake i 

*  American  Phil.  Traiif.  vol.  u 
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in  (hort,  with  ^vcry  circumftance  which  the  elements 
can  aflembic,  that  is  terrible  and  deftruftivc.  Firi^ 
rtiey  fee,  as  a  prelude  to  the  enfuing  havock,  whole 
fields  of  fugar  canes  whirled  into  the  air,  and  fcattcred  ' 
over  the  face  of  the  country.  The  ftrongeft  trees  of 
die  foreft  are  torn  up  by  the  roots,  and  driven  about 
like  ftubble ;  their  wind-mills  are  fwept  away  in  a 
momcni  ;  their  works,  the  fixtures,  the  ponderous 
copper  boilers,  and  ftills  of  feveral  hundred  weight, 
are  wrenched  from  the  ground  and  bartered  to  pieces ; 
,  their  houfcs  are  no  proteflion  j  their  roofs  are  torn  off 
at  one  blaft,  whil^  the  rain  rulhes  in  upon  them  with 
irrcfiftible  violence. 

'  There  are  figns  by  which  the  Indians  of  thefe  illands 
taught  our  planters  to  prognofticate  the  approach  of 
an  hurricane.  The  hurricane  comes  on  either  in  the 
quarter  or  at  the  full  change  of  the  moon.  If  it  comes 
on  at  the  full,  then,  at  the  preceding  change,  the  iky  is 
troubled,  the  fun  more  red  than  ufual ;  there  is  a  dead 
calm  bdow,  and  the  mountain  tops  are  free  from  thofe 
mifts  which  ufually  hover  about  them.  In  the  caverns 
of  the  eajrth,  and  in  wells,  you  hear  a  hollow  rumbling 
found,  like  the  rulhing  of  a  great  wind.  At  night  the 
ftars  feem  much  larger  than  ufual,  and  furrounded  with 
a  fort  of  burs  {  the  north- weft  iky  has  a  black  and  me- 
nacing appearance ;  the  fca  emits  a  ftrong  fmell,  and 
rifes  into  vaft  waves  often  without  any  wind.  The 
wind  icfelf  now  forfakes  its  ufual  fteady  caftcrly  ftream, 
and  Ihifts  about  to  the  weft ;  whence  it  fomctimes, 
with  intermifiions,  blows- violently  and  irregularly 
*bout  two  hours  at  a  time.  You  have  the  fame  figiis 
at  the  full  moon  :  the  moon  herfelf  is  furrounded  with 
a  great  bdr,  and  fomctimes  the  fun  has  the  fame  ap- 
pearance*,' 

•Adams's  LeftucM,,  *ol.  iv,  p.  s+o- 
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TKe  harmatan  is  a  ver)-  fingular  wind,  which  blowi 
periodically  from  die  interior  pans  of  Africa  towardj 
the  Atlantic  Occ^m.  The  feafon  in  which  it  prcvajb 
is  during  the  mootbi  of  December,  January,  and  Fe- 
bruary; it  comes  on  indilcriminatdy  at  any  hour  of 
the  day,  at  any  time  of  the  ride,  or  ac  any  period  of 
the  inoon,  and  continues  fomerimes  only  a  day  or  two^ 
Ibmeiimrs  five  or  fix  days,  and  it  has  bcca  known  to 
laft  fifteen  and  fixtcen  days.  There  are  geDcnDy 
thrrc  or  four  returns  of  it  every  fcafon.  It  blows  wiA 
a  moderate  force,  boc  doc  quite  fo  IbxKtg  as  the  la 
breeze. 

A  fog  or  haze  is  one  of  the  peculiarities  wtjch 
always  accompany  the  harmattan.  The  EnDlifli, 
French,  and  Portuguefc  forts  at  Whydah,  are  not  quite 
a  quarter  of  a  mile  afundcr,  yet  arc  frequently  quite 
inviCblc  to  each  o;her  i  the  fun,  concealed  the  greatell 
part  of  the  day,  appears  only  about  a  few  hours  Ji 
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harmattan.  The  human  body  does  not  efcape  the 
parching  effects  of  this  wind;  the  eyes,  noftrils,  lips, 
and  palate,  arc  rendered  dry  and  uneafy ;  the  lips  and 
nofe  become  fore,  and  though  the  air  is  cool,  there  is 
a  troublefome  renfation  of  pricking  beat  on  the  Hun. 
If  the  harmattan  continues  four  or  five  days,  the  fcarf- 
fltin  peels  off,  firft  from  the  hands  and  face,,  and  after- 
wards from  the  reft  of  the  body. 

Though  this  wind  is  fo  fatal  to  vegetable  life,  and 
■  occafions  ihefe  troublefome  efFefts  to  the  human  fpc- 
cies,  it  is  neverthclcfs  highly  conducive  to  health ;  ic 
flops  the  progrefs  of  epidemics,  and  relieves  the  patients 
labouring  unJer  fluxes  and  intermittent  fevers.  In- 
fedlion  is  not  eafy  at  that  time  to  be  communicated, 
even  by  inoculation.  It  is  alfo  remarkable  for  the 
cure  of  ulcers  and  cutaneous  difeafes  *. 

The  firocco  (fo  called  by  the  Italians  bccaufe  it  is 
fuppofed  to  blow  from  Syria,  and  in  the  South  of 
France,  the  Levant  wind)  refembles  in  fome  of  its 
cfiefts  the  harmattan,  but  it  differs  from  it  in  being  ex- 
tremely infalubrious.  It  fometimes  blows  for  feveral 
days  together,  to  the  great  annoyance  of  the  whole 
vegetable  and  animal  creation ;  its  medium  heat  is 
calculated  ac  1 1 2  degrees ;  it  is  fatal  to  vegetation  and 
dcftruftive  to  mankind,  and  efpecially  to  ftrangers  ;  it 
depreffes  the  fpirits  in  an  unufual  degree  j  it  fufpends 
the  powers  of  digeftion,  fo  that  rhofe  who  venture  to  ■ 
eat  a  heavy  fupper,  while  this  wind  prevails,  are  com- 
monly found  dead  in  their  beds  the  next  morning,  of 
what  is  called  an  indigcftion.  The  fick,  at  that  affli£t- 
ing  period,  commonly  fink  under  the  preflure  of  their 
difeafes ;  and  it  is  cuftomary  in  the  morning,  after  this 

*  Dobf.  Accoun'.  Phil.  Tranf.  vol.  IxxL  part  i. 
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wind  has  continued  a  whole  night,  •  to  inquire  who  » 
tlcad  *. 

Whedicr 

*  '  The  evil  moft  to  be  dreaded  in  traverfing  thefc  regions  is, 
perhaps,  the  firocc,  or  fouth  wind,  which  it  is  tmagincd  blows 
from  the  borning  deferts  of  Africa,  and  is  fom^times  produdiveof 
dangerous  confequences  to  thofe  who  arc  expofed  to  its  fbry* 
Daring  the  coniinuance  of  this  wind  all  nature  appears  to  lan- 
guifh,  vegetation  withers  and  dies,  the  beads  of  the  field  droop, 
the  animal  fpirits  fcem  too  much  exhaufted  to  admit  of  the  leaid 
bodily  exertion,  and  the  fpring  and  elailicity  of  the  air  appear  to 
be  loll.  The  heat  exceeds  that  of  the  moft  fervid  weather  in  Spain 
or  Malta,  and  is  felt  with  peculiar  violence  in  the  city  and  neigh- 
bourhood of  Palermo. 

*  The  fenfation  occaiioned  by  the  firocc  wind  is  very  ftrikiog 
and  wonderful.  In  a  moment  the  air  becomes  heated  to  an  ex- 
ccflive  degree,  and  the  whole  atmofphere  feels  as  if  it  was  in- 
ftinied,  the  pores  of  the  body  feem  at  once  opened,  and  all  the 
fibres  relaxed.  During  its  continuance  the  inhabitants  of  Pa- 
lermo  (hut  their  doors  and  windows  to  exclude  the  air»  and  where 
there  are  no  window  (butters,  wet  blankets  are  hung  on  the  iniide 
of  the  window,  and  the  fervants  are  kept  continually  employed  ia 
fprinkHng  the  apartments  v.  ith  water.  No  creature,  whofe  ne- 
cefTiiies  do  not  compel  him  to  the  exertion,  is  to  be  feen  while  this 
tremendous  wind  continues  to  blow,  and  the  ftreets  and  avenues 
of  the  city  appear  to  be  nearly  deferred. 

«  The  firocc  generally  continues  fo  (hort  a  time  in  Sicily,  that  it 

feldom  produces  thofe  complaints  which  are  the  confequence  of  the 

duration  of  its  fcorching  heats  in  feveral  parts  of  Italy,  though  its 

violence  in  thofe  countries  is  much  inferior  to  what  is  felt  in  this 

ifland.     Here  it  feldom  endures  longer  than  thirty-fix  or  forty  hour^, 

a  time  not  fuliicient  to  heat  the  ground,  or  the  walls  of  the  houfes, 

in  a  very  intcnfe  continued  degree.     It  is  commonly  fucceeded  by 

the  tramontane,  or  north  wind,  which  in  a  (hort  time  rcllores  the 

exhaufted  powers  of  animal  and  vegetable  life,  and  nature  foon 

a(rumcs  her  former  appearance.     The  caufe  of  the  firocc  wind  has 

been  frequently  attempted  to  be  explained,  but  the  different  hypo- 

thefcs  are  perhaps  more  to  be  admired  for  their  ingenuity  and  fancy 

than  for  being  very  fatisfaftoriiy  explained.     The  fuperior  intenfe- 

jicfs  of  this  fcorching  wind  at  Palermo,  may  probably  be  accounted 

for  from  the  iituation  of  that  city,  which  is  almofl  furroucded  by 

lofty 
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Whether  the  &tal  effefts  of  the  firocco  depend  en- 
tirely upon  the  degree  of  fever,  which  is  produced  by 
ihe  extreme  heat  Which  accompanies  it,  or  whether  it 
is  really  charged  with  any  mephitic  gas,  I  have  never 
been  fufiiciencly  informed;  but  I  wifli ■  that  dny  intel- 
ligent traveller  would  examine  the  ftate  of  the  air  by 
the  eudiometer,  and  by  other  tefts,  during  the  pre- 
valence of  this  wind.  Should  it  be  found  loaded  with- 
carbonic  gas,  its  ill  effefts  might  cafUy  be  deviated  by 
fufpending,  in  the  different  apartments,  cloths  dipped 
in  lime  water  j  but  from  the  prefent  ftate  of -the  evi- 
dence I  am  difpofed  to  think  that  all  its  evil  confe- 
quences  .depend  upon  the  fudden  tncreafe  of  the  tem- 
perature only. 

*  An  extraordinary  blafting  wind  is  felt  occafionally 
at  Falklands  IHands.  Happily  its  duration  is  Ihort': 
it  feidom  continues  above  twenty-four  hours.  It  cuts 
■  the  herbage  down  as  if  fires  had  been  made  under 
riiem ;  the  leaves  are  parched  up,  and  crumble  into 
duft.  Fowls  are  feized  with  cranips  fo  as  never  to 
recover.  Men  arc  oppreffed  with  a  flopped  perfpi- 
rauon,  hcavinefs  at  the  breaft,  and  fore  throat;  but 
•ufually  recover  with  care.  , 

'  But  beyond  all  others  in  its  dreadful  efFefts,  is  the 
femiel,  or  mortifying  wind,  of  the  deferts  near  Bagdad. 
The  camels,  either  by  inftinft  or  experience,  have 

lofty  moanmns,  the  ravine)  and  valleys  of  which  are  parched  and 
almi^ft  burnt  up  in  fummer.  The  nomherleri  fpringi  of  warm 
watfer  niuftalfo  greatly  increafe  the  heat  of  the  air,  and  the  pra^ice 
of  burning  brulh  wood  and  heaih  on  the  neighbouring  mountains, 
during  the  tvarm  fearoii,  miitl  uadaubiedly  tend  to  increafe  the  heat 
of  the  wind  in  pafling  over  the  country  of  Sicily,  thoDgtrh  had 
previoufly  been  difarmcd  of  part  of  its  violence  by  travelling  over 
the  fea  which  divides  Sicily  from  Africa.''  Pre/rni  Stale  of  Sitilj 
anJ  Malla,  p.  1S9. 
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notice  of  its  approachi  and  are  To  well  aware  of  it,  that 
they  are  faid  to  make  ^n  uniifual  nolle,  and  cover  up 
their  nofes  in  the  iand.  To  efcape  its  eSefts,  travellen 
throyiT  thernfelves  as  clofe  as  poflible  to  the  grouodi 
and  w^t  tiU  it  has  pafled  by}  which  is  commonly  in  a 
fei^  (l))nutes.  As  fopn  as  they  who  have  life  dare  to 
tik  again,  they  examine  how  it  fares  with  their  com- 
panions, by  plucking  at  their  arms  or  legs ;  for  if  they 
are  deftroyed  by  the  wind,  their  limbs  are  abfolutely 
mortified,  and  will  come  afunder.  It  is  (aid  of  this 
wind,  that  if  it  happens  to  meet  with  a  fliower  of  rain 
in  its  courfe,  and  blows  acrofs  it,  it  is  at  once  deprived 
of  its  noxious  quality,  and  becomes  mild  and  innocent. 
It  is  alfo  faid,  that  it  was  never  known  to  pais  the  walk 
of  a  city  */ 

This  account  of  .the  famiel  is  extrafted  from  the 
travels  of  Mr.  Ives  over  land  to  the  Eaft  Indies.  Ith 
fiital  cfFcfts,  if  the  ftatcment  is  perfedtly  corrcd,  evi- 
dently proceed  from  a  certain  portion  of  extremely 
putrid  vapours  with  which  it  is  charged,  and  I  fufpeft 
it  only  happens  when  a  ftrong  wind  chances  to  blow 
over  fome  very  putrid  and  ftagnant  lake,  which  is  not 
far  diftant ;  travellers,  however,  arc  on  fuch  occafions 
commonly  in  a  date  of  too  much  alarm  to  note  cir- 
cumftances  with  accuracy,  and  too  much  of  their  ac- 
counts is  coUefted  upon  hear- fay  evidence.  This 
wind,  after  all,  may  only  confift  of  a  mephitic  vapour 
which  dcftroys  life  when  inhaled  i  and  the  putridity, 
which  is  faid  fo  rapidly  to  take  place,  may  depend 
more  upon  the  climate  than  the  nature  of  the  wind. 

A  wind  or  haze  was  obfcrved  by  Mr.  Bruce,  in  the 
courfe  of  his  travels  to  difcover  the  fources  of  the 
Nile,  refembUng  the  preceding  in  fome  of  its  efFecls, 


*  Sec  Adams's  Lcclurcs,  vol.  iv.  p.  541. 
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chough  in  bthet-s  it  may  be  thought  more  analogous 
to  the  firocco.  It  is  called  by  Mr.  Bruce  the  fimoom, 
uid  from  its  efFe£te  upon  the  lungs,  I  can  enteruin 
but  little  doubt,  that  it  conHfts  chieSy  of  carbonic  acid 
gas  in  a  very  dcnfe  ftate,  and  perhaps  mixed  with  feme 
other  noxious  exhakiEions. 

In  the  fame  deferc  Mr.  Bruce  obferred  the  atlo^ 
fiifhing  phenomenon   of  moving  pillars  of  land*, 
which   are    probably    the    cffefts  of  a  number  of 
whirlwinds  in  thofe  torrid  regions^    As  the  defcrip- 
uon  ■  of  chefe  pillars-  is  in  fome  d^rce  blended  vith 
that  of  the  fimoom,  I  fhatl  extrad:  the  whok  paflage. 
In    relating  the  particulars  of  his  journey    acrofs    a 
certain  part  of  die  dcferts  of  Africa,  Mr.  Bruce  ob- 
ierves>  '  We  were  here  at  once  furprifed  and  terri- 
fied by  a  fight  furety  one  of  the  mof);  magnificent  in 
the  world.    In  that  vaft  expanfc  of  dcfcrt,  from  weft 
and  CO  the  north  weft  of  us,  we  faw  a  number  of  pra>> 
digious  pillars  of  fand  at  different  diftances,  at  times 
moving  with  great  celerity,  and  ac  others  ftalking  on 
with  a  majcftic  lloivnefs  j  at  interrals  we  thought  they 
were  coming  in  a  very  few  minutes  to  overwhelm  us ; 
and  fmall  quantities  of  fand  did  a£tually  more  than 
once  reach  us.    Again  they  would  retreat  fo  as  to  be 
■  almoft  out  of  fight,  their  tops  reaching  to  the  very 
clouds.      There   the  tops   often  feparatcd  from  the 
bodies ;  and  thefe,  once  disjoined,  dilperfed  in  the  air, 
and  did  not  appear  more.      Sometimes   they  were 
broken  near  the  middle,  as  if  ftruck  with  a  large  can- 
*  "  So  ^*he^e  our  wide  Numidian  waAes  extend. 
Sadden  th'  impetnoiu  hurricanes  dcfceiid. 
Wheel  tUrough  the  air,  ia  circling  eddie*  play. 
Tear  up  the  fandi, and  Cwecp  whole  plains  away; 
Th'  aftighted  traveller,  with  wild  furprife. 
Sees  the  dry  ddert  all  around  him  rife. 
And,  ffflother'd  in  the  dolly  whtrlwind.  diet." 

Addifon'i  Cato. 
H  h  a  non 
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non  (Hot.  About  noon  they  began  to  advance  with 
confidcrab'.e  fwiftncfs  upon  us,  the  wind  being  very 
ftrong  ac  r«>rth.  Eleven  of  them  ranged  alongfide  of 
us  about  the  diftance  of  three  miles.  The  grcatcfl 
diameter  of  the  largeft  appeared  to  me  at  chat  diftance, 
as  if  it  would  meafure  ten  feet.  They  retired  from  ut 
with  a  wind  at  fouth  eaft  ;  leaving  an  imprclTion  upon 
my  mind  to  which  I  can  give  no  name,  though  funrJy 
one  ingredic-nc  in  it  was  fear,  with  a  Confiderablc  did 
of  wonder  and  aftonillimcnC.  Ir  was  in  vain  to  iliink 
of  flying  i  the  fwifictl  horfe,  or  faftcft:  failing  iHp, 
could  be  of  ilo  ufe  to  cajjy  us  out  of  this  danger  -,  and 
the  full  perfuafion  of  this  rivecccd  me  as  if  to  the  fpot 
where  I  flood,  and  let  the  camels  gain  on  me  io  much 
in  my  (late  of  lamcnefs,  that  ic  was  with  fome  dilficulrj 
1  could  overtake  them.* 

The  fame  phenotpena  again  occurred  in  the  courfe 
of  a  few  days.  '  The  fame  appearance  of  moving  pi^ 
lars  of  Cmd  orcfented  themfrlves  m  us  this  Hav,  in  foitn 


Chap.  11^]  The  Simoom.  469 

wor^l  of  that  in  the  hearing  of  the  people,  for  they  hod 
already  felt  it  at  Imhanfara,  in  their  way  from  Ras  el 
Feel  to  Teawa,  and  again  at  the  Acaba  of  Gcrri, 
before  we  came  to  Chendi,  and  they  were  already  nearly 
diftrafted  at  the  apprehenfion  of  finding  it  here. 

*  At  half  paft  fouro'clock  in  the  afternoon,  we  left 
Waadi  Del  Aned,  our  courfe  a  litdc  more  to  the  weft- 
ward  than  the  direftion  of  Syene.  The  fands  which 
had  difappeared  yefterday  fcarccly  (hewed  themfelve* 
at  all  this  dayj  and  at  a  great  diftance  from  the  hori-' 
aon.  This  was,  however,  a  comfort  but  of  fiiort  du- 
ration. I  obferved  Idris  took  no  part  in  it,  but  only: 
warned  me,  and  the  fervants,  that,  upon  the  coming  of 
|(icfimoom,.wc  fhould  fall  upon  our  faces,  with  our- 
mouths  upon  the  earth,  fo  as  not  to  partake  of  the 
outward  air  as  long  as  we  could  hold  our  breath. 
We  alighted  at  fix  o'clock  at  a  fmall  rock  in  the 
fandy  ground,  without  trees  or  herbage,  fo  that  our 
camels  fafted  all  that  night.  This  place  is  called 
Ras  el  Sheah,  or,  by  the  Bifhareen,  El  Mout,  which 
fignifies  death,  a  name  of  bad  omen.  ^ 

*  On  the  1 6th,  at  half  paft  ten  in  the  fbrenoop,  we 
left  El  Mout,  -  ftanding  in  the  dircftion  clofe  upon 
Syene.  Our  men,  if  not  gay,  were,  however,  in  better 
fpirits  than  I  had  feen  them  (ince  we  left  Gooz.  One. 
of  our  Barbarins  had  even  attempted  a  fongj  but 
Hagi  Ifmael  very  gravely  reproved  him,  by  telling 
hiiT).  that  (inging  in  fuch  a  Htuation  was  a  tempting 
of  Providence.  There  is,  indeed,  nothing  more  dif- 
ferent than  active  and  pafTive  courage.  Hagi  Ifmael 
would  fight,  but  he  had  not  ftrength  of  mind  to  fuffer. 
At  eleven  o'clock,  while  we  contemplated  with  great 
pUafure  the  rugged  top  of  Chiggre,  to  which  wc 
were  faft  approaching,  and  where  we  were  to  Iblace 
ourfclves  widi  plenty  of  good  water,  Idris  cried  out, 

H  h  3  '  with 
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with  a  loud  voice.  Fall  upon  your  faces,  for  here  u 
the  fimoom,  I  faw  from  the  fouth-eafl:  a  haze  come,  in 
colour  like  the  purple  part  of  the  rainbow,  but  not  £> 
comprefled  or  thick.  It  did  not  occupy  twenry  yards 
in  breadth,  and  was  about  twelve  fett  high  from  the 
ground%  It  was  a  kind  of  blu/h  upon  the  dr»  and  it 
moved  very  rapidly,  for  I  fcarce  could  turn  to  hH 
i^pon  the  ground  with  my  head  to  the  north  ward, 
when  I  felt  the  heat  of  its  current  plainly  upon  my 
face.  We  all  lay  fiat  on  the  ground,  as  if  dead,  till 
Idris  toki  us  it  was  blown  over.  The  meteor,  or 
pur(de  haze,  which  I  faw,  was  indeed  paded,  but  the 
light  air  that  ftiU  blew  was  of  heat  to  threaten  fuflb- 
cation.  For  my  part,  I  found  diftindly  in  my  breaflji 
that  I  had  imbibed  a  part  of  it;  nor  was  I  &ee  of  sa 
afthmatic  fcnfation  till  I  had  been  fome  mondisin 
Italy,  at  the  baths  of  Poretta,  near  two  years  after- 
wards V 

Whirlwinds  and  water- fpours  have  by  many  phib* 
Ibpliers  been  canfidercd  as  entirely  elcftrical  pheno- 
mena, while  others  have  attributed  them  to  a  different 
caufe,  and  accounted  for  them  upon  the  principles  of 
hydroftatics.  It  is  poffible,  however,  that  there  may 
really  be  two  kinds  of  watcr-fpouts,  the  one  the  efFcft 
of  the  eleftrical  attradion  as  defcribed  in  Book  iv, 
c,  6.  and  the  other  caufed  by  a  vacuum,  or  extrenw 
and  fuddcn  rarefaction  of  the  air.  The  whirlwinds 
which  I  have  obferved  in  this  country,  were,  I 
am  perfuadcd,  of  the  latter  kind;  at  leaft  whatever 
was  the  original  caufe,  ^ the  circumagitation  or  fpiral 
motion  of  the  air  muft  have  continued  long  after  every 
ckftrical  power  had  ceafed  to  aft. 

It  is  well  known  that  even  a  common  fire  produces 
a  kind  of  circulation  of  the  air  in  a  room,  but  in  a 

•  firuce's  Travels,  vol.  iv.  p.  553,  555. 

different 


'  di^rcnt  form,  tc  is  therefore  not  diRicnic  te  con- 
ceive, chat  when  zt\j  part  of  the  columh  of  air  upon 
the  fur&ce  of  the  earth  or  water  is  fuddentf  rarefied^ 
either  by  ele&tcityor  any  other  caule,  &  vaciAnti,  «c 
\t3&.  comparatively  to  the  reft  of  the  air,  wiH  imme- 
diately take  place,  and  the  circumambient  a!r  ralbin^ 
in  at  ofx:e  from  every  quarter  to  fill  the  void,  a  con- 
flift  of  winds  enfues,  and  coi^equently  a  cifcolar  mo^ 
tion,  by  which  light  bodtu  wiU  be  taken  up  and  tum6i 
round  with  confidcrable  veloeiiy  i  this  violent  rulhing 
of  the  air  on  all  fides  into  the  vacuum  then  forms 
what  is  Commonly  called  at  land  a  whirlwind. 

When  this  vacuum  takes  place  at  fca,  fi'om  thtf 
nature  of  fluids,  the  water  will  rife  to  a  certain  height/ 
by  the  prelTure  of  the  atmofphere,  as  in  a  common- 
pump  j  but  as  the  vacuum  is  not  quite  perfcft,  the 
water  will  be  divided  into  drops,  and  as  thefe  va. 
cuums  are  generally  caufcd  by  heat,  it  will  be  rarefied' 
when  it  reaches  the  upper  regions  of  the  atmolphere, 
and  alTume  the  appearance  of  a  cloud. 

Mr.  Oliver  •,  whofc  theory  I  have  adopted  with 
little  variation,  illuftrates  the  phenomenon  by  a  very 
eafy  experiment.  In  a  ftiff  paper  card  he  made  a 
hole  juft  'large  enough  to  infert  a  goofe  quiti ;  after 
cutting  the  quill  off  fquare  at  both  ends,  he  laid  the 
card  upon  the  mouth  of  a  wine  glafs,  filled  with  water 
to  within  a  fifth  or  fixth  part  of  an  inch  fi-oin  the 
lower  orifice  of  the  quill  -,  then  applying  his  mouth  to 
the  upper  part,  he  drew  the  air  out  of  the  quill,  and 
in  one  draught  of  his  breath  drew  in  about  a  fpoon- 
ful  of  water;  and  this  he  was  able  to  repeat,  the  quill 
remaining  as  before.  The  water,  he  adds,  did  not 
afcend  to  his  mouth  in  a  ftream,  as  it  woiild  have  done 

•  Philad.  Tranf.  vol.  ii. 
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had  the  quill  reached  the  water,  but  broken,  and  coa« 
fufedly.mixcd  with  the  air  which  afcended  with  it. 
The    ufual  phenomena  of  watcr-fpouts  are  exaftly 
agreeable  to  this  theory.     They  appear  at  a  dtftance 
like  an  inverted  cone,  or  the  point  of  a  fword,  which 
is  owing  to  the  water  rifing  in  large  drops  at  the  firft, 
and  being  expanded  as  it  afcends  \  and  a  cloud  is  ge- 
nerally fulpcnded  over  the  body  of  the  phenomenon. 
The  water  which  is  taken  up  is  undoubtedly  fait  at 
the  firft,  but  by  the  rarefaftion  in  the  fuperior  regions, 
it  undergoes  a  kind  of  natural  diftillation,  and  lofes  all 
the  heavy  faline  particles  with  which  it  was  charged. 
Water-fpouts  have  been  obfcrved  at  land,  of  which 
two  very  remarkable  ioftances  are  recorded  in  the 
Philofophical  Tranfaftions.     Other  phenonnena  have 
been  remarked,  which  can  be  explained  upon  thefe 
principles  only.     Accounts  have  been  given  of  red 
and  yellow  rain,  of  frogs  and  tadpoles,  and  even  fmall 
fifties  having  ^  been  rained  upon  the  tops  of  houfcs. 
The  red  and  yellow  rain  was,  I  apprehend,  compofed 
of  the  bloflbms  of  vegetables,  or  of  infeds,  taken  up 
by  one  of  thefe  aerial  tubes  ^  and  the  frogs  and  fifhes 
were  probably  part  of  the  contents  of  fome  pond,  in 
which  the  water- fpout  originated,  or  over  which  it 
might  have  pafled  in  its  perambulation. 

The  point  or  cone  of  the  water-fpout  is  generally 
oblique,  depending  on  the  force  and  dircftion  of  the 
wind  which  drives  it  along. 

Dr.  Perkins,  whom  I  had  occafion  to  mention,  when 
treating  of  hurricanes,  in  a  paper  publifhed  in  the 
fame  volume  of  American  Tranfadions,  isdifpofed  to 
adopt  a  different  theory  of  water-fpouts.  Captain 
Melling  informed  him,  that  in  a  voyage  from  the 
Weft  India  Iflands  to  Bofton,  a  water-fpout  came 
'  acrofs  the  flern  of  the  veffel  where  he  then  was,   a 

flood 
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flood  of  water  fell  upon  him  with  fuch  violence  as  al- 
mott  to  beat  him  down,  and  the  fpout  immediatelf 
paffcd  off  with  a  roaring  noife  into  the  fea.  The 
water  from  the  ii>out,  he  remarked,  was  perfcftly 
frdh, 

Dr.  Perkins  adds  feveral  other  inftances  on  the. 
tcftimony  of  mariners,  who  all  affirmedj  that  they  faw 
t^e  water  i^/cend  from  the  cliiud  through  the  watcr- 
'  fpout  into  the  fea,  contrary  to  the  opinion  of  Mr. 
Oliver,  that  ic  always  afcends. 

A  whirlwind,  rfierefore,  in  the  opinion  of  Dr.  Per- 
kins, cannot  be  the  caufe  of  a  water-fpout;  n6r 
can  both  of  thcfc  phenomena  proceed  from  the  fame 
caufe,.  A  whirlwind,  he  fuppofes  to  be  produced  by 
the  afcentof  the  heated  or  rarefied  air  into- or  through 
the  colder  regions  of  the  atmofphere  above.  Now, 
Dr.  Arbuthnot  fays,  that  the  rarefaction  of  the  hottelt 
day  renders  the  air  but  one  tenth  lighter  than  it  is  in 
the  coldcft^ 

This  roaring  noife  alfo,  as  retnarkcd  by  Captain 
Melling,  does  not  agree  with  the '  theory  of  the  ^cent 
of  water  in  the  fpout,  as  it  is  not  very  clear  why 
fuch  a  noife  Ihould  accompany  the  fimple  afcent  of 
■water  *.  ' 

To  determine  the  matter,  it  is  to  be  wilhed,  that 
future  obfervers  would  be  careful  to  remark,  ift.  The 
incipient  ftate  of  a  water-fpout,  and  in  particular  whe- 
ther any  cloud  is  fccn  hovering  over  the  part  in  which  it 
commences;  and  adly,  whether  the  conical  part  feems 
gradually  to  defcend  from  the  body  of  the  cloud. 

A  tornado  feems  to  partake  much  of  the  nature  of 
the  two  preceding  phenomena,  but  is  more  violent 
in  its  cffcfts.    It  commences  very  fuddcniy,  fcvcral 

•  Phllad.  Tranf.  vol.  a. 
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clouds  being  previoufly  drawn  together^  when  a  ipoul 
of  wind)  proceeding  from  them>  (bikes  the  ground  in 
a  round  fpot  of  a  few  rods  or  perches  diameter^  in  the 
courfe  of  the  wind  of  the  day,  and  proceeds  thus  half 
a  mile  or  a  mile.  The  pronenefs  of  its  ^  defcenc 
makes  it  rebound  from  the  earthy  throwing  foch 
things  as  are  moveable  before  it,  but  ibme  (ideways  or 
in  a  lateral  dircftion  from  it.  A  vapour,  mift,  or 
rain  defcends  with  it>  by  which  the  path  of  it  is  marked 
with  >vet. 

The  gentleman,  who  furniflies  the  above  general 
deicriptioh,  gives  an  account  of  one  which  happened 
a  few  years  fince  at  Leicefter,  about  fifty  miles  fiom 
Bofton,  in  New  England,  *  It  happened  in  July,  on  a 
hot  day,  about  four  o*clock  in  the  afternoon^  A  few 
qlouds  having  gathered  weftward,  and  coming  over 
head,  a  fudden  motion  of  their  running  together  in  a 
point  being  obferved,  immediately  a  fpout  of  wind 
ftruck  /the  ground  at  the  weft  end  of  a  houfe,  and 
carried  it  away  with  a  negro  man  in  it,  wlio  was 
afterwards  found  dead  in  the  path  of  it.  Two  men 
and  a  woman,  by  tlie  breach  of  the  floor,  fell  into 
the  cellar  i  and  one  man  was  driven  forcibly  up  into 
tlie  chimney- corner.  Thcfe  were  preferved,  though 
much  bruifed  ;  they  were  wet  with  a  vapour  or  mil^, 
as  were  the  remains  of  the  floor,,  and  the  whole  path 
of  the  fpout.  This  wind  raifed  boards^  timbers,  &c. 
A  joift  was  found  on  one  end,  driven  near  three  feet 
into  the  ground.  Hie  fpovt  probably  took  it  in  its 
elevated  ftate,  and  drove  it  forcibly  down.  The 
tornado  moved  witlrthe  celerity  of  a  middling  win  i, 
and  conftantly  declined  in  ftrength  till  it  entirely 
ceafcd.'' 
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OF  T.HE  HEAT  OF  THE  ATMOSPHERE  AND 

IGNEOUS  VAPOURS.  "" 

Ohjt^s  of  MeteoroU^  us  a  ScU?ice.'^^Partly  antidpaitd.'^Temferm' 
turC'^Heat  tf  the  Earlb,"^  Effects  of  the  Suns  Rays  on  tiiffertnti 
MiMums.^^Differencf  nvith  reJjtSi  to  Temperature  hettMeen  Land 
tmd  IVaterj-^Effects  of  Clouds  on  the  Temptratwre.^^Of  Evapora^ 
tiott,'-^Unttfiud  Cold,  hotv  produced  in  Summsr  and  Winter,"^ 
Aqueous  Meteor s.^^lgneous  Mitevrs.'^-^Eirt  Balls. --^Sb^otimg  Staru 
^^Ignes  Fatui, 


METEOROLOGY,  in  its  raoft  cxtcnfivc 
fenfc,  would  embrace  a  large  fcope  offciencc^ 
It  includes  every  thing  that  concerns  our  atmofphere, 
climate,  temperature,  vapours^  fogs,  dew,  rain,  hail» 
fhow,  the  igneous  vapours,  as  proceeding  from  in- 
flammable air,  and  even  thunder  and  lightnings  and 
all  thofe  phenomena  which  are  produced  by  what  i& 
termed  natural  eleftricicy. 

The  arrangement  adopted  in  thefe  volumes,  which 
was  the  clcarefl  that  fuggelled  icfelf  to  my  nnind,  ne- 
ceffarily  excludes  many  of  thefe  f\ib}cfts  from  the  prc- 
fent  chapter.  The  elcftrical  phenomena  have  been 
already  treated  of,  and  the  theory  of  rain,  fnow,  &c. 
as  adopted  by  the  eleftrical  philofophers,  has  been 
briefly  explained ;  and.  what  remains  to  be  faid  on 
aqueous  meteors  will  be  more  prdpcrly  introduced  in 
the  book  which  is  dedicated  to  the  fubjeft  of  watery 
and  will  be  better  underftood  when  the  properties  of 
that  fluid  are  more  fully  explained. 

The 
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Tir  (jhcDomeoa;,  wfaicfa  prtfcni  chcmfclves  for  our 
inwr'*"'  Goo&knrioo,  will  ihcirfore  be  thole  whicb 
WK^  ftnftljr  ^lokil^  terial  or  atmofpbrncal.  Tlie 
imynfMr*-  of  die  atmolpiiCTc  will  ihercfore,  wtchr 
pqpicq,  be  cmSirredj  and  the  igneous  metecHi 
widi  wfaicfa  is  B  ocdftooxllf  charged,  and  of  whicb 
ifie  K  ap^Kvs  nx  oatf  to  be  the  vehicle  but  the  pa- 


TV  raniDOBs  afempmnirc  which  we  experience 
«r  ducfir  prsdurcd  m  the  atmofphcrc,  at  no  grr^ 
(Slxncc  ^m  chc  t'ur&cc  of  the  urrh.  This  U  cvi- 
deoc  frxKn  a  (imffe  ■iid  «cU  koown  fiiil.  that  die 
csnfa,  at  s  certain  depth  beneath  the  fuHace.  always 
pieftmi  ncarir  the  Hsat  Temperature,  and  the  (It^rec 
of  beat  at  thole  dep^  generally  approaches  the  mean 
anoad  beat  of  the  climarc  Even  whrn:  there  jj 
twrnnwaicano*  vidi  the  external  air,  the  cartel,  at  tbc 
depdi  oTSo  or  90  feet,  cocnmonb^  varies  but  titdc  ia 


y 
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is  in  that  cafe  drawn  ofF  towards  the  furface.    Hence  in 
Switzerland  it  has  been  remarked,  that  the  fnow  ge- 
nerally begins  to  itiek  at  the  bottom ;  and  if  the  heat  . 
of  rfie  fun  is  not  ftrong,  the  fame  thing  may  be  ob- 
lerved  in  the  progrefs  of  a  thaw  in  this  country. 

The  furface  of  the  earth  is  capable  of  receiving  ji 
great  acceflion  of  heat  from  the  fun's  rays.  But  it  has 
been  before  remarked,  thac  light  has  not  the  fame  cf- 
feft  on  a  tfanfparent  medium,  for  thefe  mediums  af- 
ford a  free  paflage  to  the  rays. of  the  fun,  which  ap- 
pear to  aft  only  as  fire,  when  accumulated  and  con- 
fined within  the  minuceR:interftices  of  bodies.  Hence 
the  tops  of  high  mountains  are  always,  even  under 
the  equator,  covered  with  fnow  ;  and  hence  at  a  cer- 
tain height,  which  varies  in  almoft  every  latitude,  h 
freezes  during  the  night  in  every  feafon,  as  was  (tated 
in  a  preceding  chapter. 

Heat  is  obfcrved  to  diminilh  as  we  afcend  into  the 
atmofphere,  nearly  in  an  arithmetical  proportion.  In 
dw  vicinity  of  Paris,  lat.  48°  50'  the  temperature  of 
the  earth  being  47",  at  the  *ftimated  heiglit  of  1 1 ,084 
feet,  it  was  found  by  M.  Charles,  the  aeroftatical  ad- 
venturer, to  be  at  21°  or  1 1'  below  congelation ;  near 
Dijon,  !at.  47",  on  the  25th  of  April,  the  tempcranire 
near  the  earth  was  56°,  but  at  die  height  of  10,6,11 
fcct,  it  was  found  by  M.  Morveau  to  be  26°  j  and 
Lord  Mulgrave,  at  the  bottom  of  Hacklyt  Hill,  lat. 
8o',  found  the  temperature  of  the  lower  air  50;;  but 
on  the  fummit  of  the  hill,  1503  feet,  only  4a'. 

Water  refembles  air  in  being  little  affcfted  by  the 
paffage  of  the  fun's  rays  j  but  the  bottom  of  every  fca 
or  lake,  being  opake,  the  heat  Is  ftill  capable  of  being 
excited  or  coUefted  there.  Between  water  and  earth 
there  is,  however,  this  difference,  that  land  or  eanh 
(particularly  if  dry)  receives  heat  very  readily  from  the 

rays 
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np  of  the  fizn>  but  coodu&s  it  through  its  own  (iib- 
ftmce  Ycry  fldwir  to  uj  great  dqith;  whereas  water, 
from  its  crmfparenqr,  receives  heit  from  l^ht  but 
IIowIt;  bat  the  beat  is  difiufcd  throi^h  the  trfiok 
mafs  with  gieat  rapidity.     Dr.  Hales  lelates^  that  ia 
Augoft*  17^49  when  the  air  and  the  fur&ce  of  the 
earth  wirre  both  at  88j  a  thermometer,  pbced  at  onif 
two  inches  depth  in  die  ground,  ftood  at  85,  another 
atiixccen  inches  at  7c,  and  anodier  at  twenty-four 
laches  at  6S.     The  two  laft  preio-ved  the  iame  (cm- 
penrure  day  arid  night  to  the  end  of  the  month,  and 
dien  only  fidl  to  63.     On  the  26:h  of  October,  a  ther- 
mometer expoted  to  the  air  by  the  lame  phitofopher, 
fiood  a:  35'  5>  but  one  funk  two  inches  in  the  earth 
was  heated  to  43^  85,  aaother  funk  iixteen   inches 
reached  4S*  3,  and  one  at  twenty-four  inches  50*. 
He  even  found,  tait  between  lHc  ift  and  2d  of  No- 
vember, when  the  external  air  was  at  27  \  a  thermo- 
meter at  twenty  four  inches  depth  ftood  at  43*  S)  but 
from  March  to  September,  the  following  year,  the  ex- 
itmjl  air  was  much  warmer  than  the  earth  at  fixiecn 
inches  or  two  leec  i  bi:-:  ihc  fealbn  was  rainv,  ami  the 
evaporation   beir.g  cortfidcrable,  prevented  the  eanh 
near  the  uirface  f.oir.  bring  conuJerably  wjnuvrd. 

From  thc!e  experiments  it  appears,  \\\xx,  the  furfacc 
of  the  ejrth  m:iy  be  confiderabiy  heated,  aod  yet  thit 
the  heat  fliall  not  penetrate  to  any  ccifiucrablc  depdi; 
it  appear?  alio,  tha:  the  earth  parts  ^\  it!i  its  heat  with 
didiculty  to  rhe  air,  and  will  retain  its  natural  tempe- 
rature, which  is  between  40"^  and  50',  at  a  very  fmall 
depth  beneath  the  furface,  cvtn  when  the  air  is  beiow 
the  freezir^g  point.  In  water,  on  the  contrary,  the 
heat  is  not  acciimuhted  in  a  ponicuhr  part,  but  is 
equally  diffufeJ  through  the  wh^k  mifs,  and  the  tem- 
perature, \i  the  fur^e  is  extcafive,  will  be  more  in 
4  agreement 
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agreemenc  with  that  of  the  atmofphere  than  with  that 
ef  die  cardi.  Near  Marfeilles,  Dr.  Raymond  found 
the  fand  frequently  heated  to  1 6o%  but  never  found 
the  fea  hotter  than  77%  and  even  this  degree  of  heat  it 
appeared  to  receive  chiefly  by  its  communication  with 
tfaelandy  for  on  the  19th  of  July,  1765,  he  found  that 
part  of  the  bay,  which  was  next  the  land>  heated  to 
^74%  while  the  niiddle  was  72%  and  the  entrance  only 
70*.  la  winter,  he  obfcrved  the  earth  cooled  down 
frequently  to  14*  or  15%  but  the  fca  never  lower  than 

44*or45'-. 

It  is  by  the  temperature  of  the  atmofphere  that  we 

always  judge  when  we  term  the  weather  cold  or  hot; 
but  the  atmofphere  derives  the  greater  pait  of  its  heat 
from  its  communication  with  land  or  water.  The  ri- 
gours,  therefore,  of  the  winter's  cold  are  tempered  by 
the  hfat  imparted  from  the  earth  itfelf;  yet  as  the 
eardi  parts  but  flowly  with  its  heat,  and  as  the  furface 
b  found  to  be  extremely  cool,  while  the  interior  parts 
are  heated  to  the  degree  of  40  or  50,  and  is  the  heat 
of  water  is  more  equally  diffufed,  and  more  readily 
parted  with,  it  follows  that  the  portion  of  air,  which  is 
incumbent  on  the  fca,  will  be  of  a  warhner  tempera- 
ture in  the  extreme  cold  of  winter  than  that  which  is 
incumbent  upon  the  land. 

Iflands  are  more  temperate  than  continents,  becaufe 
they' participate  more  of  the  temperature  of  the  fea. 
With  refpeft  to  thofe  countries  alfo,  which  border  on 
the  ocean,  thofe  which  lie  fouch  of  the  fea,  at  leafl  in 
our  hemifphere,  will  be  warmer  than  thofe  which  have 
the  fea  to  the  fouth  of  them,  becaufe  the  winds  which 
would  cool  them  in  winter,  if  they  blew  over-land, 
are  tempered  by  pafTmg  over  the  fea,  whereas  thofe 
which  lie  north  of  the  fca  are  cooled  in  fummer  by  the 
breezes  that  proceed  from  it^ 

Every 
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Every  habitable  latitude  muft  enjoy  a  heat  of  6o* 
at  lead  for  two  months  in  the  year,  in  order  to  pro- 
duce and  bring  to  maturity  corn  and  the  other  ve- 
getable produftions.  The  quicknefs  with  which  ve- 
getation proceeds  in  high  latitudes  is  chiefly  owing  to 
the  long  duration  of  the  fun  above  the  horizon  during 
their  fummcr.  Dr.  Hallcy,  indeed,  has  proved,  that, 
abftrading  firom  the  intervention  o(  fogs>  mifts,  and 
mountains  of  ice,  the  hotted  weather  might  take  place, 
even  under  the  poles,  the  duration  of  the  fun's  light 
compenfating  for  the  obliquity  of  its  direftion. 

Among  the  caufes  of  the  changes  of  weather  in  thcfc 
climates,  efpecially  with  refpeft  to  heat  of  cbld,  'we 
muft  account  the  circumftancc  of  the  air  being  charged 
with  vapour.  The  air,  when  cloudy,  is  capable  of 
receiving  and  retaining  more  of  the  fun's  heat,  than 
'  when  clear,  for  the  obvious  reafon,  that  a  tranfparcnt 
medium  permits  thofe  rays  to  pafs  through  it,  which 
are  intercepted  if  the  medium  is  thicker  and  Icfs  pel* 
lucid.  Hence  a  cloudy  air  is  frequently  found  warmer 
than  the  earth,  on  which  it  is  incumbent.  The  air  is 
alfo  warmed  by  the  condenfation  of  vapour,  and  hence 
the  origin  of  hail,  which  is  rain  condenfed  by  paffing 
through  air  which  is  colder  than  that  which  produced  it. 

A  continuance,  however,  of 'cloudy  or  mifty  weather 
will  intercept  the  fun's  rays  from  reaching  the  earth, 
which  will  therefore  be  prevented  from  receiving  its 
due  portion  of  heat.  The  winter  of  the  year  1783-4 
was  unufually  fevere ;  and  it  is  to  be  remarked,  that 
during  feveral  of  the  fummer  months  which  preceded 
it,  where  the  efteft  of  the  fun's  rays  to  heat  the  earth 
(hould  have  been  the  greateft,  the  whole  continent  of 
Europe  was  covered  with  a  kind  of  fog,  fuppofed  to 
proceed  from  the  fmoke  of  fom'e  volcanoes,  near 
Mount  Hecia,  in  Iceland.     This  fog  was  of  a  dry  kind, 

and 
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and  confequen^  the  fun's  rap  were  incapable  of  dilE-' 
||Muig  ict  and  thejr  were  fo  faint,  that  in  pafTuig 
through  'a,  when  colledcd  in  the  focus  of  a  burning 
glftfs,  they  would  fcarcely  kiotU'e  brown  paper  *. 

A  principal  caufe  of  the  varieties  and  changes  of 
tempcrature>  and  a  mod  powerful  agent  in  producing 
cold,  is  evaporation.-  On  this  fubje£t  it  is  remarked, 
firft,  chat  in  our  climates  the  evaporation  is  about  four 
times  as  great  between  the  vernal  and  autumnal 
equinox  as  in  the  reft  of  the  year,  -  sdly.  Other  cir- 
cumftancis  equal,,  it  is  increaied  in  propottion  to  the 
difierence  between  the  tcmperanire  of  the  air  and  the 
cvaporadng  fuHace ;  ic  is  confequeotly  leaft  when  they 
are  nearly  of  equal  tcmpcraturt.  The  former  part  of 
this  propofi[ion  muft  be  underftood  with  fbme  reftnc- 
cion;  for  if  the  air  is  more  than  15'' colder  than  the 
evaporating  furfacc,  there  is  leldom  any  .evaporation  at 
all,  and  the  air  will  more  frequently,  in  that  caf^,  de- 
polk  moifture  than  receive  it.  jdly-.  The  degree  of 
cold  produced  by  evaporadon .  is  much  greater  when 
the  air  is  warmer  than  the  evaporating  furface,  than 
when  the  latter  is  the  varmer  of  the  two  i  forinthefirft 
cafe  the  dilation  of  the  vapour  is  increafcd,  and  in  the 
fecond,  it  is  checked.  The  more  vapour  is  dilated, 
the  more  fire  or  beat  it  abforbs ;  and  hence  it  is  coldcfl 
in  an  exhauftcd  receiver,  where  it  abforbs  moft. 
Hence  warm  winds,  as  the  harmattan,  firocco,  &c,  are 
more  deGccatory  than  cold  winds.  4thly.  Evaporation 
is  always  increafcd  greatly  by  a  current  of  air  Sowing 
over  the  evaporating  furface.  Hence  a  calm  day  is 
always  warmer  than  one  in  which  there  is  a  ftrong 
wind  -j-. 

•See  Dr.  Franklin's  Met«»oloj[ic*l  Cohjeanres.  " 
f  Kirwan  oo  Climate,  c.  1. 
ypi,  I.  I  i  From 


Frofti  thcfe  fa6hi,  and  from  wMt  is  pttTioufly  rt- 

Hikrktd  oh  the  rut:^e£k  of  eVapoFadon  in  Chef  fecMd 

bdbk,  !t  is  platft,  that  tfitfts  6f  Itod  which  are  coVerbl 

with  tree^  or  krxuriimt  vegetables  are  much  coldirt 

ihan  thofe  wheie  there  k  a  le&  fur&re  of  vegetaUe 

fiiatter,  fueh  grounds  emttdhg  onfe  tbiri  more  vapour, 

according  to  fbme  experiments  of  Mr.  Wiffiami^  diii^ 

Sie  fame  Ipace  iroiild  S*  aftually  covered  witSi  waeer^ 

^cnce  too,  a  realbn  will  evidently  be  found  for  diat 

attikzing  change  df  cfimate  which  a  country  undergoes 

by  being  cleared  and  etddvated.    America  is  not  die 

&me  country  at  preleht^  either  with  refpeft  to  tem« 

j>erature  or  (alubity^  as  when  it  was  covered  wid» 

woods;  and  Guiana  afibrds  a  ftill  nx><e  remarkable 

iaftante.  Of  diat  country^  Only  &  part  has  been  deaitd 

from  wood  fince  the  beginning  of  this  century  s  'die 

heat  in  that  part  is  already  become  exceflive ;  whereas, 

ih  the  woody  pans  tif  the  fame  coufitry,  the  inhaUtadts 

afe  obliged  to  Ught  a  fire  every  night.^ 

It  is  forthcr  obfchred,  that  thfc  pureft  Iprings  arc 
generally  found  beneath  the  friendly  flieltcr  of  a 
grove ;  and  that  in  proportion  as  the  woodlands  b 
any  country  arc  cleared,  the  wiitercourics  are  dimi- 
Diihed* 

Hence  may  be  inferred  the  heceflity  of  preferving 
trees  about  thofc  places  whence  water-fprings  difcharge 
t\i€\t  curr'ehts,  if  it  is  ah  objeft  to  preferve  them  j  and 
alfo  of  improving  fmall  iprings,  by  planting  trees 
su'ound  them,  and  e^cially  oaks* 

And  henc^,  alfo,  it  is  a  fair  conclufion,  that  in 
diis  Clilfndte,.  where  the  cold  certainly  predominates, 
woody  fituadons  cannot  be  wholefomci  and  that^ 
adjacent  to  houfes  efpeciaUy,  the  laad  (hould  be  laid 
open. 

*  Philad.  Trtbf.  vol.  i»  p.  150. 

From 
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From  the  whole  of  wJiat  has  bten  ftated,  it  wiH 
.  &Uow,  that  a  wet  fumoier  will  generally  be  fucceedcd 
hj  a  ierere  wiotd-,  becaufe  the  cloudinefe  of  the  feafon 
will  prevent  the  earth  from  recdritig  a  due  pcHtkui  of 
heat,  and  becauTe  the  iticreaJed  evaporation  will  con- 
tribute to  leffin  the  quantity  already  lodged  them. 
Much  will,  however,  depend  upon  other  drcotnftancea, 
-«Bd  particidariy  upon  the  couife  of  the  wind. 

Unufu^  cold  in  funimer  is  produced— ift.  FroA 
^  long  continuance  of  easterly  or  northerly  winds. 

sdly.  From  frequent  and  heavy  rains,  which  are  fol- 
lowed t^  a  confider^e  evaporation. 
,       3dly.  From  a  long  continuance  of  cloudy  wcaCher, 
which  prevents  the  earth  icusA  receiving  a  proper  pdr- 
^on  rf  heat  from  the  fun. 

Unufud  (x^  in  winter  cooimonly  h^pena— 

ift.  From  unufual  c^  or  wee  in  the  preceding 

.  fummer.     In  January  1709,  the  weather  wa«  uncom- 

fnonly  cold,  and;it  was  remarked,  diat  in  tiie  preceding 

June  the  thermomettr  was  near  the  freezing  poin^ 

and  the  rain  confidcrable  *. 

idly.  From  the  immediate  efleft  of  heavy  rajtu^ 
followed  by  eafto-ly  or  ooithem  winds.  This  flate 
of  Aings  produces  cold  in  aiiy  feafon  fiofn  the  iftcrcafed 
evaporation. 

3dly.  From  wefterly  or  ibutheriy  currents  in  tfac 
upper  regions  of  the  atmofphere,  whik  eaft  or  oortfi 
winds  prevail  nearer  Ae  iwfece  of  the  earth, 

4dily.  From  the  arrival  of  Siberian  or  NorAAm*- 
rican  winds.  It  has  been  calculated,  that  vcflxrly 
winds  may  arrive  in  a  few  days  from  Anierict  j  and  if 
the  ocean  has  been  previdufly  to<d«l  by  northern  gales, 
even  thcfe  will  icem  cold  to  us.    The  Sibetian  winds 

•  Dvfaan'*  Pbjrfic-  Tk«L  L  i.  a.  s< 

\\  %  win. 
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will,  if  they  originate  from  a  lower  latitude^  fccm  to 

us  to  come  from  the  fcwth-caft  j  and  if  they  originate 
in  a  higher  latitude,  they  wilt  appe£[r  north-eaft^  be- 

x:aiife  they  will  be  deBedted  to  the  ibuth. 

fthly.  From  the  defcent  cf  a  fuperibr  ftracum  of  the 
atmofphere.  This  happens  when  a  cold  wind  in  the 
upper  regions  paffe&ovcr  a  country  where  the  lower 
ft  rata  of  the  atmofphere  are  fpecifkally  lighter,— 
Hence  a  low  ftate  of  the  barometer  generally  pre- 
cedes extraorcfinary  cold  which  is  produced  from  tks 

-caufc  *4 

On  the  ftate  of  the  atnio^here  with  refpeft  to  heat 
and  cold,  and  ftill  more  on  the  degree  of  evaporation, 

•  all  the  phenomena  of  the  aqueous  meteors  of  raio^ 
hail,  fnow,  &c.  will  be  found  to  depend  i  but  thefc 
will  be  created  of  with  more  propriety  ia  another  part 
of  thefc  volumes.  The  igneous  vapours  arc  alfo  con- 
ne6ted  with  the  fame  cauics>  and  are  in  a  confideraUe 

: degree  the  efFc6ls  of  evaporation  5  but  their  materials 
arc  different,  as  well  as  their  efFefts,  though,  from 
their  evanefcent  nature,  they  are  fcarcely  at  prcfcnt 
fufficiently  underftood. 

As  the  phenomena  which  are  ftriftly  eleftrical  have 

i.been  already  treated  of,  the  only  meteors  of  the  igne- 
ous kind,  which  remain  to  be  confidered,  may  be  re- 
duced to  three  claffcs,  viz..  fire-balls,  felling-ftars,  and 

i  iignes  fetui< 

It  has  been  already  ftated,  that  the  atnnofphere  is  the 
general  refervoir  of  thofe  particles  which  are  exhaled 
from  every  body  which,  is  volatile^  or  fubjeft  to  eva- 
poration. In  ipeaking  of  the  fire  damp  in  mines  it 
has  been  fhewni^  that  inflammable  air  will  rife  in  large 
quantities^  and  to  a  confiderable  height  in  the  atmo* 

*  Kirwan  on  Climaic,  c.  15. 

^  Iphere. 
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fpbcfc.  There  are  alfo  fome  phofphoric  mattrrs,  which  ■ 
will  alfo  occafionally  be  rendered  volaciic, 'and  theft 
particles  are  fupplied  in  great  abundance  from  all  pu>  . 
trelceot  fubdancc^  whei^  animal  or  vegetable.  It 
}ias  been  fhewn,  that  hydrogen  or  inSamnnable  air  rea— , 
^\j  combines  with  fulphiir,  and  forms-  what  is  called 
hepatic  gas ;  it  will  afterwards  appear  alfo,  that  it  will  - 
comlwie  with  pb6fphorus,  and  the  phofphoratcd  hy- 
drc^n  gas  thus  formed  ts.  renurkable  for  tha  property', 
of  fponcaneoudy  inflaming,  when  in  Cfjoacs  in;o  contact . 
with  aonofpherical  ur.  Thus  we  are  fucnidjcd  with 
fufBctent  mateiials  for  the.  formation  of  all  the  djfiereiiE 
{^pear^nces  that  have  juft  been  enu[ii«,ratcd  ;  and 
though  the  matter  of  the  meteors  themfelves  has>  far 
tbc  reafon  afligned, '  never  been  chemicaUy  anaHzcd>- 
yet  from  analog?  k  i«  pot  difficult  to.  judge  c£  ihfiW.. 
nature  and  properties. 

Thofe  {^enomcna,  which  are  clafied  t<^ther  under' 
the  general  appellation  of  fire-balls,  were  divided  by- 
the  antients  into  feveral  fpecies,  according  to  the  ex- 
Krnal  form  or  appearance  which  they  aflumed.  They 
weic  aJJb  regarded  by  them  in  a  mucii  more  formid^le. 
light  than  they  are  by  us,  as  the  certain  prognoftics  of- 
great  and  awful  events  in  the  moral  and  political  worjd. 
Hven  the  philofophlc  Cicero  fpcaks  of  the  "  ab  oc- 
cidcate  faces,"  as  the  certain  harbingers  or  iodlcadons 
of  thofe  bloody  fcenes  which  in  his  time  conviijfcd  and 
defolaced  the  Roman,  commonwealth. 

Under  the  general  name  of  comets,  FHny  enumc- 
rates  a  number  of  thefe  phenomena.  If  the  fire  com- 
mences at  one  extrenuty  of  the  meteor,  and  burns 
by  degrees,  he  terms  it,  from  its  form  and  appearance, 
a  lamp,  or  torch  i  if  an  extended  ma&  of  fire  pafles  lon- 
gitudinally through  the  atmofpherc,  he  calls  it  a  dart ; 
and  if  its  length  and  magnitude  are  conflderable,  and  it 
Ti  J  muntalnt 
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niaincains  its  ftadon  for  toy  fpace  of"  time,  it  is  a  Uam  \ 
if  the  donds  (eem  to  part^  and  emit  a  quantity  of  fire, 
he  terms  it  arit^^;  but  this  laft  appears  to  be,  ftridtf 
ipeaking,  ah  ele£bical  phenomenon^  indeed-  only  a 
iht>ng  and  vivid  flaffi  of  lightning. 

Several  inftances  of  thefe  meteors  are  reeorded  by 
the  iiune  author.  During  the  ipedacle  bf  glac&ton 
exhibited  by  Germanicus,  one  of  diem  pafled  rapidty 
by  die  faces  of  the  Ipeftators  at  noon*day.  A  meteor 
of  that  fpecies  which  he  calls  a  beam,  he  adds,  was 
feen  ^hm  dile  Lacedemonians  were  defeated  at  lea,  ia 
that  memorable  engagement  which  lod  them  the  em- 
pire ofthe  (ea  t«  He  alio  mendons  a  fanguineoiis  kind 
of  meteor,  a  dame  as  red  as  blood,  which  fell  fit>m  hea- 
ven about  the  107  th  Olympiad,  when  Philip  of  Mace- 
don  was  concerting  his  wicked  plan  for  enflaving  the 
republics  of  Greece  %.  He  rcbtes,  that  wjien  he  was 
himfclf  on  the  watch  during  the  night  in  the  Roman 
camp,  he  w«i5  a  fpe£btor  of  a  fimilar  appearance-*a 
number  of  refplendent  lights  fixed  upon  die  palifadoes 
ofthe  camp,  (imilar,  he  (ays,  to  thofe  which  mariners 
fpeak  of  as  attaching  themfelves  to  the  malb  and  yards 
bfafhipl. 

In  tropical  climiMs  thefe  meteors  are  more  common 
and  more  ftupendous  than  in  thefe  more  ten^perate  re- 
gions. ^  As  I  was  riding  in  Jamaica,'  fays  Mr.  Barb- 
ham,  ^  rne  morning  from  my  habitation,  fituated  about 
three  miles  north-weft  from  St.  Jago  de  la  Vega,  I  faw 
a  ball  of  fire,  appearing  to  nr^  about  the  bignefs  of  a 
bomb,  fwiftty  falling  down  with  a  great  blaze.  At 
firft  I  thought  it  tell  into  the  town  %  but  when  I  came 

*  Lampadet,  ftces,  bolides,  trabes»  and  chafina  cceli.    See  PCxl 
^at.  H^IL  I.  ii«  c.  25,  26. 

f  Plin.  Nat.  Hid.  1.  iL  C.  f  ^>  ft6. 
X  lb.  c  27,  It  lb-  c.  37. 

nearer^ 
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lur^rfrr,  I  Tav  many  pccf}Jc  ^thqtd  together,  a  Uolf  t» 
the  fugcUvvard,  in  the  Sav^nii^hj  to  whom  I  rpde  up, 
tp  inquire  the  caufe  ^  their  meeting:  the7  were  aa- 
fniring,  »s  I  found,  the  pound's  being  ftnmgel]r  brpkea 
ijp  anct  plpughett  by  ^  b^l  of  Bre ;  whjchi  as  they  fajc^ 
lp|l  down  there.  I  obfcryed  there  ^rere  many  holes  in  the 
ground ;  one  in  the  middle,  of  the  bt^cfs  of  a  man'f 
2tf  ad,  and  five  or  fix  fmaller  rQutHJ  ^tipuc  it^  of  the  Ug- 
npis  of  one's  fift,  aD4  fo  deep  »;  qQp  Cff  he  &thoii^d  tv 
i(iich  implements  as  were  ac  haqd.  It  w^s  ot>ferv^ 
alfpi  that  all  the  green  herbage  was  burnt  up  nnr 
ihe  holes ;  and  there  continued  a  ftrong  fnnell  of  fijl- 
(ihur  near  the  place  for  fomc  time  after.' 

yiloa  gttres  an  account  of  one  of  9  fimilar  kind  M, 
jQ^ltf  *.  *  About  nine  at  night.*  %s  Ke>  *a  globe  of 
fiif  appeared  to  ri&  G-Qm  the  lide  of  the  moui)taia  Pi- 
ciiMCAt  and  fo  large,  that  it  Ipread  a  light  over  all  the 
put  of  the  city  facipg  that  mountajn.  The  houfc  where 
I  Ictdged  looking  that  vf^y,  I  was  fyrprife^  with  an  ex- 
|x«ordinary  llg^t,  darting  throu^  the  creyices  of  the 
.wtndow-Ihuners.  On  tUs  appearance,  and  the  buIU; 
of  the  people  in  die  ftreet^  I  haftqtcd  to  the  window^ 
and  came  time  copugh  to  fee  it,  in  the  middle  of  1)> 
career,  which  cootvi^  from  weft  Q>  fouth,  tiU  I  loft 
iigju  of  it,  being  icitacepced  by  a  mountain  that  lay 
betweeoi  me  and  ic.  ft  was  roMiv],  v^i  its  ^parent  dt- 
funeter  about  a  ibo^  I  obferved  it  to  ri^  from  the 
fides  of  Pichinca,  although,  to  judge  from  its  cpurie, 
X\  was  behind  that  mount^  where  this  congenes  of 
inflammftble  matter  was  k'mdjkd*  In  the  iirft  half  of 
its  TlGble  courle  it  emitted  a  prodigious  effulgence, 
then  it  be^n  gradually  to  grow  djm ;  fo  that,  upon  its 
dil^pearing  behiiul  the  imefv^ing  otipVQtain,  its  light 
vas  ypry  fj|i^»t.' 

•  UUoa,  ToLL  p.-4i. 

114  « Metepra 
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'  *  Meteors  of  this  kind  arc  very  frcqucndy  fccn  be- 
tween the  tropics ;  but  they  fomctimes,  alio,  vifit  the 
more  temperate  regions  of  Europe.  We  have  the  dc- 
Icription  of  a  very  extraordinary  one,  given  us  by 
Montanari,  that  fcxves  to  ftiew  to  what  great  heights, 
in  our  atmofphere,  thefe  vapours  are  found  to  afcend. 
In  the  year  1676,  a  great  globe  of  fire  was  feen  at  Bo- 
nonia,  ia  Italy,  about  three  quarters  of  an  hour  after 
fun-fct.  It  pafled  weftward,  with  a  moft  rapid  courfe, 
and  at  the  rate  of  not  lefs  than  a  hundred  and  flxty 
miles  in  a  minute,  which  is  much  fwifter  than  the  force 
of  a  cannon  ball,  and  at  laft  ftood  over  the  Adriatic 
fea.  Iirits  courfe  it  crofled  over  all  Italy;  and,  by 
computation,  it  could  not  have  been  lefs  than  thirty- 
eight  miles  above  the  furface  of  the  earth."  In  the 
whole  line  of  its  courfe,  wherever  it  approached,  the 
inhabitants  below  could  diflind:ly  hear  it,  with  a  hilling 
noife,  refcmbling  that  of  a  fire-work.  Having  palled 
away  to  fea^  tovvards  Corfica,  it  was  heard  at  laft  to  go 
off  with  a  mofl  violent  explofion,  much  louder  than 
that  of  a  cinrion  ;  and,  immediately  after,  another  noife 
was  heard  like  the  rattling  of  a  great  cart  upon  a  ftony 
pavement,  which  was,  probably,  nothing  more  than  the 
echo  of  the  former  found.  ItSf' magnitude,  when  at 
Bononia,  appeared  twice  as  long  as  the  moon  one  way, 
and  as  broad  the  other ;  fo  that,  confidering  its  height, 
it  could  not  have  been  lefs  than  a  mile  long  and  half  a 
mile  broad  *. 

Two  of  thefe  meteors  appeared  In  this  country  in 
the  ytar  1783,  of  which   a  mofl  particular  and  truly 

,  philofopliical  account,  by  Dr.  Blagden,  is  publifhed  in 
the  Phil6fophical  Tranfaftions  of  the  following  year; 
and  as  his  defcriprion  will  apply  to  many  phenomena 

of  the  kind,  I  cannot  take  any  better  method  toeluci- 

•  Goldfn:ith's  liiftv  Earth,  Vol.  I.  p.  382. 

daro 
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date  tins  part  of  the  fubjedt,  dian  by  prefentii^  mf 
readers  widi  a  fhort  abllra^l  of  this  very  curious  and 
learned  memoir.  .    i 

The  firft  of  the  two  meteors  in  queftion  was  ften 
■n  the  1 8th  of  Auguft,  and  was,  in  appearance,  a  lu- 
hiinous  ball,  which  roft  in  die  N.  N.  W.  neariy  round  j 
it,  however,  foon  became  elliptical,  and  gradually 
afllimcd  a  tul  as  it  afcended,  and,  in  a  certain  part  of 
its  courie,  feemed  to  undergo  a  remarkatde  change* 
Compared  to  buifting ;  after  which  it  proceeded  no 
longer  as  an  entire  mafs,  but  was  af^rently  divided 
into  aclufter  of  balls  of  different  magnitudes,  and  all 
carrying  or  leaving  a  train  behind,  till,  having  palled 
Che  eaft,  and  vexing  confiderabty  to  the  fouth,  it  gra- 
dually defcended,  and  was  16ft  out  of  ftght.  The  time  , 
of  its  appearance  was  about  Gxteen  minutes  pad  nine 
in  the  evening,  and  it  was  vifible  about  half  a  minute, 
ttwas  feen  in  all  parts  of  Great  Britain,  at  Paris,  ac 
Nuits  in  Burgundy,  and  even  at  Rome,  and  is  fuppofed 
to  ha^  delcribed  a'  tra£t  of  one  thoufand  miles  at  leaft 
over  the  furface  of  the  earth.  Iti^pearsto  have  burit 
and  re-united 'feveral  times  >  and  the  Arft  burfting  of  it 
■which  was  noticed  ftems  to  have  been  fomcwhere  over 
Lincolnfhire,  perhaps  nelr  the  commencement  of  the 
fens.  This  change  in  the  meteor  corrcfponds  with 
the  period  in  which  it  fufFercd  a  deviation  from  its 
coude.  If,  indeed,  the  explofion  was  any  kind  of 
effort,  we  cannot  wonder  that  the  body  ftiould  be  di- 
-verted  by  it  from  its  direft  line ;  and,  on  the  other 
hand,  it  feems  equally  probable,  rfiat  if  it  was  forced 
by  any  caufe  to  change  its  direction,  the  confcqucnce 
vould  naturally  be  a  feparauon  of  its  parts. 

Tlie  illumination  of  thefe  meteors  is  often  fo  great 
as  totally  to  obtiCerate  the  ftars,  to  make  the  moon 
look  dull,  end  even  to  affed  the  Ipcctators  like  tiie 

fun 
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fim  iefelf.  When  this  mcttor  was  pt>i<rv«d  at  Bruilc)^ 
the  moon  iippeared  quite  red»  but  whei^  it  w^  paflfi^ 
recovered  its  natmral  light.  This  effed^  tbr  Dofiof 
remarks,  muft  have  depended  on  the  cointraft  of  colpur, 
and  ihews  how  large  a  proporpoB  of  the  Uue  r^ 
f  nicxs  into  that  light  which  cqul^  evcq  make  the  j£^ 
moon  appear  to  have  an  excels  of  red.  The  body  of 
the  file- ball,  even  before  it  burft^  did  npt.  appear  of  ag 
pnsform  brightne&,  but  confifted  oC  lucid  and  du9 
parts,  whidi  were  conftandy  changing  their  refpedivf 
fxificions,  fo  that  the  whole  eflfcft  was  to  ibme  eyet 
like  an  internal  agitadon  or  boifing  of  the  matter*  By 
the  bcft  accounts  that  could  he  procured  conceniifl| 
the  height  of  the  meteor,  it  feems  to  have  varied  froff 
fifty-five  to  iixxy  miles.  In  thefe  two  laft  pardculars  k 
feems  to  have  wonder&lly  correipondcd  with  ibipf 
other  phenomena  of  the  fame  kind. 

A  report  was  heard  ibme  time  ater  the  inctenr  diT- 
appearcd,  and  this  report  was  loudcft  in  Linoolnflure 
and  the  adjacent  parts^  and  again  in  the  eaftern  parts (/ 
Kent ;  the  report  we  may  therefore  fuppofe  to  be  th^ 
effccl  cf  the  two  explofions  of  the  body,  firft  over 
lincolnfhire,  and  afterwards  when  it  entered  the  con- 
tinent ;  a  liiflTing  found  was  (aid  alfo  to  have  accom- 
panicd  the  progrefs  of  the  meteor.  Judging  from  the 
height  of  the  meteor,  its  bulk  is  conjc6hired  to  have 
been  not  Icfs  than  half  a  mile  in  dianxeter ;  and  whea 
we  confider  this  bulk,  its  velocity  cannot  fail  to  aftoniik 
us,  which  is  fuppofed  to  be  at  the  rate  of  more  than 
forty  miles  in  die  fecond. 

The  other  meteor,  which  appeared  on  the  4th  of 
Oftober,  at  forty-three  minutes  paft  (ix  in  the  evening, 
was  much  fmaller  than  the  former,  and  of  a  much 
/horter  duration*  It  was  firft  perceived  to  the  north- 
ward, as  a  ftream  of  fire,  like  the  common  ihoodng 
ftars,  but  larger  but  prefently  burC^  out  into  that  in- 
%  tcnfclv 
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tenfety  bright  bliuJh  fttme,  which  is  pecoVar  to  Tucli 
■  tnetcors.  Jc  left  behind  it  a  duOcy  red  ftreak  of  fiic* 
and,  except  Has,  had  no  uil>  but  was  nearly  g^tdar. 
After  moving  not  lefs  than  ten  degrees  in  this  tngte 
Itatej  it  became  Hiddenly  extind  without  any  exidofioHi 
TIk  height  of  the  meteor  muft  have  been  between 
forty  and  fifty  miles ;  and  its  duration  was  not  more 
than  three  feconds. 

The  Do^r  is  of  opinion,  that  the  general  cau!e  of 
thcfe  phenomena  is  eleflricity,  whidi  oirinion  h4 
grounds  upon  the  following  circumftances : — tit'.  The 
Telocity  6f  thefe  meteors,  in  which  they  correiJMnd 
with  no  otiier  body  in  nature  but  the  eleftrical  fluid* 
ftdly.  The  eleftrical  phenomena  attending  meteor*^ 
the  lambent  flames^  and  die  fparks  proceeding  from 
dienvvhich  have  fometimes  damaged  fhips  and  houfet 
in  Ac  manner  of  lightning,  and,  added  to  thele,  the 
hilling  ibundi  refemblii^  that  of  ele^city  pafliog 
60m  a  conductor.  As  a  third  argudient  in  &vour  « 
this  hypothefis,  the  Doctor  remarks  die  connexion-  of 
meteors  with  the  northern  lights.  Inftances  afc  re- 
corded, where  northern  lights  have  been  feed  to  joioi 
and  form  luminous  balls,  darting  about  with  great 
velocity,  and  even  leaving  a  train  like  fire-balls.  The 
aurora  boreatis  appears  to  occupy  as  high,  if  not  a 
higher,  re^on  above  the  furlm:e  of  the  earth,  as  may 
fee  concluded  from  the  very  diftant  countries  to  which 
It  has  been  vifible  at  the  &me  time.  4thly,  The  moft 
remarkable  analogy,  the  Doctor  thinks,  is  the  (ourfe 
of  at  leaft  all  the  larger  meteors,  which  fcems  to  be 
conftantly  from  or  towards  the  north  or  north-weft 
quarter  of  the  heavens.  Of  above  forty  different  fire- 
balls defcribed  in  the  Philofophical  Tranlaftioris,  twenty 
arc  lb  defcribed,  that  it  is  ceruip  their  courfe  was  in 
^t  dire£lion ;  only  three  or  four  Teem  to  have  moved 
^  contrary  way;  and  yr'nh  relpcA  to  the  remainder. 
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it  is  left  doubtful,  from  the  impcrfeft  ftatc  of  the  rc-^ 
btions. 

Notwithftanding  the  Doftor's  bgenious  arguments, 
I  cannot,  on  my  own  part,  fubfcribe  to  the  opinion, 
that  thefe  phenomena  are  altogether  ele&rical.  The 
duration  of  the  fire-ball,  the  unequal  confiftency  ofdie 
mafs,  and  feveral  other  points  in  the  narration^  feem 
to  indicate  that  its  materials  were  of  a  le(s  rare  and 
rvanefccnt  nature  than  the  eleftric  fire.  The  union  of 
phofphorus  and  hydrogen  in  the  atmpiphere,  will  fuf- 
ciently  account  for  the  inflammation  of  theie  mafTes  cf 
volatile  matter,  and  their  colour  will  depend  on  the 
patiire  of  the  compofition,  as  is  plain  froni  what  ha^ 
\^tn  feid  upon  the  fubjedt  of  tl^e  f}rc-works  producc4 
from  inflamnublc  air  ♦, 

One  inftance  more  of  this  kind  of  phenomena  I 
(hu^ll  beg  leave  to  mention,  particularly  as  it  differs  in 
nijiny  refpefb from  the  preceding;  and  froni  iu  dura- 
iipn,  and  the  ftrong  fmell  which  attended  the  explofioni 
it  feems  not  to  have  been  the  efFc6t  of  cleftricity. 

On  board  the  Montague,  under  the  command  of 
Admiral  Chambers,  in  lat,  42*  48^  long,  p**  3^  on  th^ 
4ih.of  Nov-ember  1749,  about  itn  minutes  before 
twelve,  as  the  author,  Mr.  Chalmers,  was  taking  an 
obfervarion,  one  of  the  quarter- mailers  defired  he 
would  look  to  the  windward.  On  direfting  his  eye 
that  way,  he  obfervcd  a  large  ball  of  blue  fire  abouj 
three  miles  diflance  from  them;  they  immediately 
lowered  the  topfails,  but  it  came  io  faft  upon  tliem, 
that  before  they  could  raife  the  main-tack,  they  ob- 
icrved  the  ball  rife  almofl  perpendicularly,  and  not 
?.bove  forty  or  fifty  yards  from  the  main  chains,  whcq 
it  went  ofT  with  an  explofion  as  great  as  if  hundreds  of 
cannon  had  been  difcharged  at  the  fame  time,  leavin^y 
t^ehind  it  a  ftrong  fulphureous  fmell.     By  this  explo^ 

.  •  Sec  Chap.  V. 
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£on  the  main-toprfiafl:  was  (hattered  in  pieces,  and 
the  imin-maft  fent  quite  down  to  tl:c  keel.  Five 
men  were  knocked  down,  and  one  of  them  was  greatly 
bruifed,  and  fome  other  damage  of  lefs  importance  was 
done  to' the  ihip.  Jirfl  before  the  explofioti,  the  ball 
fccmed  to  be  of  the  fize  of  a  large  millftonc. 

The  (hooting  or  falling  (lar  is  a  common  pheno- 
menon, but  though  fo  frequently  obfervcd,  the  great 
diftance,  and  the  tranfient  nature  of  thde  n:\i;tcors, 
added  to  the  entire  confumption  of  their  materials*, 
havtf  hitherto  fruftrated  every  attempt  to  afoertain  their 
caufe.  It  is,  however,  rcafonable  to  fuppofe,  that  they 
are  iatrinGcally  the  fame  with  the  larger  meteors,  as  in 
moft  of  their  properties  they  pcrfeflly  correfpond  with 
them.  If  the  larger  meteors  are  formed  from  any 
mixture  or  combination  of  inflammable  air  with  phof- 
phorus,  or  any  other  fubftance,  the  ihooting  (tars  are 
probably  the  fame.  If,  on  the  contrary,  the  larger 
meteors  are  eledrical,  there  is  equal  rcafon  for  fuppof- 
ing  the  fmaller  ones  to  proceed  from  the  fame  caufe. 
Some  philotbphers,  indeed,  reprefent  both  as  malTes  of 
-de£tricity,  at  fo  great  a  diftance  that  their  angular  ve- 
locity is  not  fu(ficienl  to  prevent  the  eye  from  difcern.- 
ing  their  fhape.  There  are,- however^  three  reafuos 
.  which  operate  againft  this  hypothefis.  ift.  The  height 
of  ^efe  meteors  b  frequently  above  that  to  which 
.clouds  afcend,  and  clouds  are  the  common  atmofphe- 
rical  conduftors  of  cleftricity.  adly,  They_  do  not 
proceed  from  a  cloud,  as  Ralhes  of  lightning  uniformly 
do.  And,  jdly.  There  is  no  noife  re(embiing  chac 
of  thunder  at  dieir  firft  emiflion  or  ^pearancc ;  the 

*  It  il  t  rolgar  notion,  that  the  fmall  ibsflei  of  whit«  jelly, 
which  are  (buetimei  foand  in  the  finldg,  are  prodgced  from  il)e 
falling  ftan,  and  it  ii  called  Aar  jelly.  This  jelly,  however,  is 
^  excremeiit  of  the  heron,  hiltem,  or  fome  animal  of  the  crane 
kind,  which  /eed  on  aquatic  animal),  and  have  peculiar  otgani  of 
digeftion, 

noife 
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noife  in  the  large  met?eors  only  takes  place  when  Af 
0ia(s  feparaces  or  goes  off*  like  a  ik)r-rocket>  and  in 
this  cafe  the  effect  is  finiilar  to  that  of  gunpowder^  or 
any  dHploding  matter* 

Concerning  the  nature  and  compofidon  of  the  igmM 
fatuus^  or  will-o'-die  wifp,  there  is  lefs  difpute ;  the 
generality  of  philofbphers  being  agreed  that  it  is  caufcd 
by  (bme  v(datile  vapcAir  of  the  phoiphoric  kind>  pro- 
bably  the  phofphoric  hydrogen  gas;  The  light  from 
putrefcenc  fubftances*>  particularly  putrid  filb>  aJKl 
^oie  fparks  emitted  from  the  leB>  or  (ea-water  when 
agitated  in  the  dark^  correfpond  in  appearance  widi  diii 
meteor.  Sir  Ifaac  Newton  defines  the  ignis  fatuus  to 
be  ^'  a  vapour  fhining  without  heat ;"  and  it  is  ufuailj 
vifible  in  damp  places^  about  dunghills^  burying 
grounds^  and  other  fituations,  which  are  likely  ^ 
abound  with  phoiphoric  matter. 

A  remarkable  igms  fatuus  was  obferved  by  Mr. 
Derham,  in  fome  boggy  ground^  between  two  locky 
hills.  He  was  fo  fortunate  as  to  be  able  to  approach 
it  within  two  or  three  yards.  It  moved  with  a  briik 
and  defultory  motion  about  a  dead  thiftle,  till  a  fli^ 
agitation  of  the  air,  occafioned,  as  he  fuppofed^  by  his 
near  approach  to  it,  caufed  it  to  jump  to  another  {dace; 
and  as  he  approached,  it  kept  flying  before  him. 
He  was  near  enough  to  fatisfy  himfelf,  that  it  couW 
not  be  the  fhining  of  glow-worms  or  other  infeds— 
if  was  one  uniform  body  of  light. 

M.  Beccaria  mentions  two  of  thcfe  luminous  ap- 
pearances, which  were  frequendy  obferved  in  the 
neighbourhood  of  Bologna,  and  which  emitted  a  light 
equal  to  that  of  an  ordinary  faggot.  Their  motions 
were  unequal,  fometimes  rifing,  and  fometimes  link- 
ing towards  the  earth ;  fometimes  totally  difappearing, 

•  This  fubjcft  will  be  more  amply  treated  of  in  the  (acceeding 
Bcx>k,  under  ihc  uilc  UKofphorus,  Book  VIIJ, 

though 
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though  in  general  they  continued  hovering  about  fix 
,  feet  from  the  ground.  They  differed  in  fize  and 
figure  i  and>  indeed»  the  form  of  each  was  fluAuating, 
ibmeUmes  floating  like  waves,  and  dropping  fparks  of 
fire.  He  was  aBUred  there  was  not  a  dark  niglu  in  the 
whole  year  in  which  they  did  hot  appear ;  nor  was 
their  appearance  at  all  affcAed  by  the  weather,  whether 
cold  jr  hot,  fnow  or  raia  They  have  been  known  to 
change  their  colour  from  red  to  yellow  j  and  generally 
grew  fainter  as  any  perfon  approached,  vanifbing  en- 
tirely when  the  obfervcr  came  very  near  to  (hem, 
wad  appearing  again  at  fome  diftance. 

Dr.  Sbaw  alfb  defcribes  a  fmgular  i^ns  fatKus, 
which  he  faw  in  die  Holy  Land.  '  It  was  fometimes 
''  globular,  or  in  the  form  of  the  Bame  of  a  candle ;  and 
immediately  afterwards  fpread  itfelffo  much,  as  t-o 
involve  the  whole  company  in  a  pale  inoffenfive  light, 
shd  theft  was  obferved  to  contra  A  itft^  again,  and  fiid- 
denly  difappear.  In  lefs  than  a  minote,  however,  ic 
VKiUld  bttome  vi^le  as  before,  and  run  along  from  onfc 
j4aA  to  another;  or  would  expand  itlelf  over  vno/tt 
Ikatti  three  acres  bf  the  adjacent  mountains.  The  at- 
MM^bete  at  this  time,  he  adds^  %ai  thick  and  hazy. 

In  i  fil^rfiitiDus  age  we  caonot  wonder  that  theft 
pMbbHieMi  have  allbcen  atttifouced  to  fupernaturat 
i^geiKyi  hisoncofthenobleftpurpofesofphilofophy, 
•0  relrale  ^t  mind  fttitu  the  bondage  of  imaginarr 
vrtttii  and  by  explaining  the  modes  in  which  the 
DEviM.Fn}Vid«n<;edirpoIt:sthedif&i«ntpi»wcrs  dfiOV- 
tXKtt  ct»  elt?«te  our  thoughts  to  the  am  firft  cjiyfei  M 
Vach  QS  eo  ft«  ^*^God  in  tdtj  and  i^  in  God." 
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ClTAP.     XIIL 


OF  THE  PROGNOSTICS  OF  THE 

WEATHER. 

tmftrfeB  State  oftbit  Branch  9 f  Science. '^Pngmfiiet  o/H^uabtrfrm 
the  previous  State  ofthe^  Seafin,^^From  the  UnJulaii^ns  •/  the  Jt^ 
mo/phere.'^Frtm  the  Barometer.-^From  Fogs^^^Frmm  Ckndsj^ 
From  Pro/peiis.'^FrMn  the  Dew.^'Fram  the  Sfy.^^Fr&m  the  Mmo. 
^^From  the  Wind, 

A  METHODICAL  arrangement  of  meteorolo* 
gical  phenomenaji  by  which  more  certain  prog- 
noftics  of  the  weather  might  be  procured,  is  a  great 
defideratum  in  the  fcale  of  ufeful  knowledge.     That 
philofophers  have  already  a  confiderable  acquaintance 
with  the  nature  of  heat,  water,  and  air,  their  numetxxis 
and  ingenious    experiments  fufficiently   prove;    but 
when  thefe  three  ingredients  of  nature  are  in  a  com* 
pound  (late  floating  round  our  globe,  and  producing 
all  thofe  various  aginations  and  combinations,  Jcnown 
-under  the  general  denomination  of  weather,  then  their 
knowledge  feems  to  be  without  fyftem,  without  cer- 
tainty, and,  contrary  to  the  very  end  of  true  philofophy^ 
almofl  without  utility.     From  the  combination  ^f  air 
and  water  with  heat,  from  their  circulation  and  their 
decompofirion,  arifes  all  that  variety  of  weather  of 
which  the  atmofphere  of  all  countries,  and  particularly 
that  of  iflands,  is  To  fufceptible. 

The 


Chap(  13.]      Progneflics  6/ ibi  Pf^eetiter,  497 

The  atmofphere  lEfcIf  is  influenced  and  modified  by 
the  variations  of  its  denfiiy ;  by  its  humidity ;  by  the 
precipitation  of  the  aqueous  particles  into  rain ;  by 
the  wind ;  by  the  power  of  eleftricityj  and  by  the 
agency  of  heat  and  cold>  as  remarked  in  the  preceding 
chapter. 

Though  the  fcience  Of  prcdlfting  the  weather  is  at 
prefent  vague  and  imperfc<ft,  becaufc  it  is  but  lately 
that  accurate  obfervations  have  been  made  on  the 
changes  of  the  weather,  yet  from  what  we  may  colleft 
from  the  works  of  Dc  Lu(?,  De  Sauffure,  Marfliall; 
and  Kirwan,  we  are  authorized  to  expcift  fome  fuc- 
eels  in  thole  inquiries.  But  it  can  hardly  be  &ppolea 
that  their  obfcrvationsj  in  the  prefent  ftate  of  fcience,  . 
will  be  fufficicnt  to  form  a  perfeft  theory,  dll  fe- 
conded  by  thofe  of  fuccceding  times.  For  this  falu-> 
tary  end  it  will  be  neceflary  to  make  as  many  obfer- 
vations 00  the  different  ligns  of  the  weather  as  pofli- 
ble,  fince  it  is  only  by  their  combination  and  concur- 
rence* that  uncertainty  can  be  removed. 

The  principal  means  of  predi6ting  the  changiS  of* 
■weather,  and  particularly  with  refpefl:  to  rain  or 
drought,  may  be  reduced  to  feven,  viz.  ift.  From 
die  preceding  ftate  of  the  weather,  id.  From  thtf 
undulations  of  the  atmofphere.  3d.  From  the  baro- 
meter. 4th.  From  the  appearance  of  the  clouds. 
5th.  From  the  colour  of  the  (ky.  6th.  From  thri 
wind,  ■  7th.  From  the  moon, 

I.  As  the  caufcs  of  every  change  of  weather  muft 
have-preceded  for  fome  time  the  efFeft,  it  is  in  general 
by  an  attention   to    its  previous  ftate,  that   we  are 
enabled  to  form  the  moft  accurate  judgment  of  what , 
weather  is  to  be  in  future  expcftedi  ^om  a  feries  o^ 

Vol.  I.  K  k  obfervatiom 
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obfcrvadons  made  from  1677  to  1789,  Mr.  Kirwan 
lays  down  the  following  rules  or  principles. 

I  ft.  When  there  h.ii  been  no  ftorm  before  or  after 
ihe  vernal  equinox,  the  enfuing  fummcr  is  gcncmlly 
dry,  at  leaft  five  times  in  fix. 

2d.  When  a  ftonn  luppcns  from  an  cnrtcrly  point 
either  on  the  jgth,  20th,  or  sift  of  March,  the  fuc- 
cec^ling  fiimnier  is  drj',  four  ciines  in  five. 

3d.  When  a  ftorm  arifes  on  the  25th,  26th,  or  27tii 
of  March,  and  not  before,  in  any  point,  the  ^ccccd- 
ing  fummer  is  generally  dry,  four  times  in  five, 

4ih.  If  there  Ihould  be  a  ftorm  at  S.  W.  or  W.  S.  W. 
on  the  19th,  20th,  or  aid,  the  fucceeding  fummer  fa 
generally  -wet,  five  times  in  fix. 

Mr.  Kirwan  adds,  that  it  rains  lefs  in  March  than 
in  November,  in  the  proportion  of  feven  to  twelve. 
If  generally  rains  Icfs  in  April  than  in  October,  in 
the  proportion  of  one  to'  two;  lefs  in  May  than 
September,  in  the  proportion  of  three  to  four.    When 
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II.  Among  the  various  means  of  progndfticating 
the  weather,  remarkrd  by  the  late  Mr.  Adams -j-, 
one  of  the  moft  important,  in  his  opinion,  fecms  to' 
be  that  undulating  motion,  or  tumult  in  the  air,  which- 
is  excited  by  the  heat  of  the  fun.  The  humidity- 
raifed  from  the  earth  by  the  heat  of  the  fun,  is  fuf- 
tained  in  the  atmofphere  by  its  heat,  and  the  agita--' 
tion  of  the  air.  Though  this  motion  is  not  always' 
vifible  to  the  naked  eye,  yet  by  the  help  of  a  good' 
tcIefcopB  it  becomes  eminently  confpicuousi  every 
object  appears  to  be  in  violent  agitation,  and  thb' 
boundary  line  of  the  fenfible  horizon,  which  would' 
otherwile  be  clear  and  well  defined^  is  waved  like  a' 
field  of  corn  agitated  by  the  wind,  of  the  furfaCe  of 
the  fea  in  a  fre!h  gale.-  While  thefe  undulations  coh— 
tjnue  in  the  air,  the  vapours  remain  there;  but  when 
the  fun  departs,  and  they  fubfide,  thefe  ai^neous  par-' 
tides  become  condenfed,  anddcfcend  to  the  ground 
during  the  night,  and  in  the  morning  affumt  the  ip-*' 
pcarance  of  dew. 

III.  The  greateft:  acquifition,  perhaps,  that  ever  was, 
made  to  natural  philofophy,  with  refpefE  to  afcer- 
tatining  the  changes  of  the  weather,  was  the  difcovery- 
of  the  Barometer.    The  nature  and  ufesof  this  inftru- 

-  ment  have  been  previoufly  defcribcd  J.  It  is  eyidei}t, 
that  when  the  mercury  rifts  in  the  tube,  the  prcffure, 
weight,  or  denfuy  of  the  air  muft  be  augmented  j  bus . 
the  relation  that  exifts  between  this  prelTure  and  the 
change  of  weather,  which  does  not  take  place  fome- 
times  till  ten  or  twelve  hours  afterwards,  ftill  remains 
to  be  explained. 

The  preflure  of  the  air  upon  the  refervoir  of  the 
barometer  proceeds  in  general  &om  its  weight,  an4. 

f  DlOerution  on  the  Darometn, 
t  See  this  Book,  Chip.  I^.  ^ 

K  k  a  fbmctinws 
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(bmetimcs-  from  its  elafticicy«  It  has  been  proved, 
that  thcfe  two  properties  of  air  fometimes  vary,  and, 
cpnfcquently,  the  preffurc  ^hich  they  produce.  When- 
etrer  the  air  diflblves  a  great  quantity  of  water,  ic^ 
fpecific  gravity  is  inqreafed ;  the  column  of  air  which 
refts  upon  the  ref^rvoir  of  the  barometer  becomes  hea- 
vier, and  the  mercury  rifcs.  If  die  folution  is  not  per- 
U&%  the  tr^nfparcncy  of  the  air  will  be  difturbed ; 
hence  z,  kind  of  mift.  will  be  produced,  which  will  ge- 
nerally caufi^  the  mercury  in  the  barometer  to  rife ; 
but  if  the  folution  is  pcrfaft,  the  tranfparcncy.  of  the 
air  vriU  be  complete,  and  fine  weather  return^  as  the 
merpury  in  the  barometer,  prcdided  by  its  afcenL 
Whijie  certain .  cauffs  determine  this  water,  which  is 
held  in  folutiqnj  to  dcfceiyl  into  the  lower  region  of 
tfec  atniofphefc^ .  before  it  is  fufficiently  condcnied  to 
be.  regularly  formed  iota  rain,  there  is  another  part 
c)C.it  v^hicfr  will  have.  previouOy  arrived  at  the  furface 
ofctb^  <earth.  As  a  proof  of  .this,  it .  is  obibrvable,  that 
when  the  weather  is  about  to  change  to  rain,  all  bodies 
which  are  impenetrable  to  water,  fuch  as  bars  of  iron, 
hard  ftones,  &c.  are  found  to  be  moid  or  wet.  The 
column  of  air  which  prefles  upon  the  refervoir  of  the 
baropru^ter,  will  become,  therefore,  lighter  by  the  lofs 
of  th^t  portion  of  water  already  arrived  at  the  earth ; 
sfiitl  the  barometer  will  dcfccnd,  and  prediift  the  rain, 
iifrhich  will  come  in  a  (hort  tiii^e  after,  being  formed  by 
the;  remainder  of  the  water,  wjiich  will  then  have  had 
time  to  be  formed  into  regular  drops  *. 

It  mufli  be 'confeffed,  that  there  are  fome- appear- 
ances which  feem  to  contradid  this  explanation.  It 
fometimes  happens,  that  the  barometer  rifes  even 
diiringrain,  while  the  air  difcharges  itfelf  of  the  water 
which*  it  held  in  folution :  it  alfo  happens  frequendy, 

•Briiroa..Vol.i, 
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efpecially  in  the  winter,  that,  durifig  whrfe  rtiomhj, 
every  time  that  the  mercury  rifcs  in  the  bardmeter, 
rain  continues  to  faU  ;  and  «very  linie  that  it  defcends, 
6ne  weather  returns.  Still  this  may  be  reconciled  to 
what  has  been  ftated  -,  for  fince  (as  has  been  already 
obferved)  it  is  the  great  quantity  of  water  difibtved  in 
the  air  which  augments  its  weight,  i^  thereforrj  during 
xain,  a  new  folution  of  water  fhooid  by  any  means  bt 
tStdtd  in  greater  abundance  than  the  quantity  which 
611s  (and  this  we  know  may  baf>pen  from  varinOs 
caufes)  the  barometer  will  rife.  If  the  water  fo  dif- 
iblved  remains  in  the  lower  region,  this  rife  of  the 
barometer  viili  predict  a  freih  fall  of  rain,  vhich  oltcn 
Happens  in  fnch  cafes.  In  fliort,  if  the  air  difl(>Ues  a 
great  quandty  of  water,  and  at  the  f2;nc  ^me  cold,  or 
fome  other  caufe,  fiiould  impede  that  water  from  dif- 
folving  perfeftly,  and  rifing  to  a  great  height,  it  will 
augment  the  weiglit  of  the  air  m  a  proportionate  de^ 
grce,  and  will  caufe.  the  barometer  to  rife  ;  and  in  the 
mean  time  it  will  be  ready  to  be  collected  into  dr<tps, 
and  formfd  into  rain,  which  wiil  loon  afi^r  take  place. 
While  this  rain  continues  to  fall,  if  thcie  is  no  new 
folution  effected,  the  air  will  become  lighter;  the  ba- 
rometer will  falli  and,  notwithftanding  that,  it  will 
predift  fine  weather,  which,  according  to  thts--rule, 
ought  to  happen.  That  kind  of  relation  which  appears 
to  fubfill  between  the  weight  of  air  and  the  change  of 
weather,  accorditig  to  circuniftinces,  may  be  ocroui.ted 
for,  therefore,  in  this  manner,  fine  wcathtr  may 
happen,  notwithlianding  the  diminution  of  the  weight 
of  air,  when  fome  other  elaftic  fluid,  lighter  than  it, 
becomes  intermixed  with  it,  without  taking  away  the 
tranfparency.  In  Ihort,  the  elafticity  of  air,  the  force 
ot'  which  may  vary  from  different  caufes,  will  (til!  con- 
tribute to  vary  its  preffure.  Ihis  claftidtjf  a£ts  ibme- 
K  k  3  times 
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times  in  conjunftion  with  the  weight,  fo  as  to  increafc 
the  cfFeft  of  it ;  at  other  times  it  afts  in  a  contrary 
way,  and  may  alfo  diminifti,  or  even  counterbalance, 
the  efFcft  of  the  augmentation  of  weight.  It  follows, 
then,  that  fine  or  bad  weather  may  continue,  however 
high  the  mercury  may  be  in  the  barometer  j  and  ftill 
this  ^oes  not  weaken  the  explanation  which  has  before 
been  given  of  this  faft. 

Obfervation,  however,  in  thefe  cafes  is  always  pre- 
ferable to  theory ;  and  from  long  and  attentive  ob- 
fervation, and  from  a  careful  infpedlion  of  thofe  of 
other  philpfophers,  Mr.  Adams  was  enabled  to  lay 
down  the  following  principles  in  his  ufeful  treatife  on  * 
this  inftrument. 

I.  It  generally  happens,  that,  when  the  mercury  in 

the  tube  falls,  the  air  being  lighter,  it  will  depofit  its 

vapour,  and  produce  rain :  but  when  it  rifes,  the  air 

,  being  heavier,  the  vapours  will  be  fupported,  and  fine 

weather  is  the  ufual  confequence. 

1.  When  the  mercury  falls  in  frofty  weather,  either 
fnow  or  a  thaw  may  be  expeded  \  but  if  it  rifes  in 
the  winter  with  a  north  or  eaft  wind,  it  generally  fore- 
bodes a  froft. 

3.  It  is  neceflary  to  attend  to  the  progrefs  of  the 
rife  and  fall ;  thus,  if  it  finks  flowly,  the  rain  may  be 
cxpefted  to  be  of  fome  continuance.  In  the  fame 
manner,  when  the  mercury  rifes  gradually,  we  may 
be  inclined  to  believe,  that  the  fine  weather  will  be 
lading. 

4.  When  the  barometer  is  fluftuating,  rifing  and 
falling  fuddeniy,  the  weather  rhay  be  expeftcd  to  be 
like  it,  changeable. 

5.  When  it  fiills  very  low,  there  will  be  much  rain. 

6.  But  if  its  fall  is  low  and  fudden,  a  high  wind  fre- 
quendy  follows. 

7,  When 
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7.  When  an  extraordinary  fall  of  the  mercury  hap- 
pens, without  any  remarkable  change  near  at  hand, 
there  is  fome  probability  of  a  ftorm  at  a  diftance. 

8.  The  barometer  will  defccnd  fometimcs  as  an  in-. 
dicacion  of  wind  only ;  nor  is  its  rife  always  a  certain 
fign  of  fair  weather,  particularly  if  the  wind  is  to  the 
north  or  the  call. 

9.  A  north-eaft  wind  generally  caiifes  the  barometer 
in  England  to  rife,  and  it  is  generally  lowcft  with  a 
fouth-weft  wind. 

If  the  air  in  foggy  weather  becomes  hotter  by  the 
a^ion  of  the  fiin  alone,  the  fog  generally  difTipatcs, 
and  the  air  remains  ferene ;  but  if  the  barometer  falls, 
and  the  change  of  temperature  is  from  a  fouth  or  fouth-^ 
welt  wind,  the  fog  rifes  and  forms  into  clouds,  and  its 
afcent  is  generally  a  (Ign  of  rain. 

"  We  have,"  fays  Mr.  Adams,  "  at  prefent  no  cerr 
tain  data  from  obfervaiions,  whereby  certain  conclu- 
fions  may  be  formed  relative  to  fogs,  and  their  con- 
nexion with' rain." 

In  winter,  when  the  cold  decreafes  fuddenly,  rain 
may  be  expefled ;  but  in  fummer,  a  fudden  increale  of 
heat  forebodes  rain. 

IV.  Several  prognoftic'figns  of  the  weather  may  be 
collefted  from  the  various  appearances  of  the  clouds  j 
when  they  appear  to  dilfolvc  fuddenly  into  air,  and  be- 
come invifible,  it  may  be  confidercd  as  a  ftrong  indi- 
cation of  fiiir  weather ;  but,  on  the  contrary,  when 
they  feem  to  form  themfelves  into  maties  from  the  lur- 
rounuing  air,  and  to  incrcafe  in  d;.-n(tty  and  magnitude, 
rain  may  reafonahty  be  prediiteJ. 

Upon  the  approach  of  heavy  rain  every  cloud  rifcs 

larger  than  the  preceding  one,  particularly  when  a 

thunder-dorm  is  near,  when  fmall  fragments  of  clouds 

coUeft,  and  in  a  little  time  cover  the  whole  face  of  the 

K  k  4  flt/. 
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iky.  Fifliermen,  by  this  rule,  frequently  prognofticatc 
2(  ftorm,  from  a  fmall  point  of  a  cloud  appearing  on  the 
vifible  horizon  at  fea. 

When  the  clouds  appear  like  fleeces,  deep  and  denfc 
towards  the  middle,  and  white  at  the  edges,  with  a 
bright  blue  (ky  about  them,  either  hafty  fhowers  of 
rain,  hail,  or  fnow,  may  be  expejfted, 

Mr.  Jopes,  in  his  philofophicai  difquifitions,  iay^, 
that  he  predifted  a  high  wind  forty  hours  before  it 
began,  from  the  complexion  of  a  fingle  cloud,  with 
white  edges,  .and  dark  diverging  lines  from  it;  after 
this  appearance  there  was  a  great  ftorm,  which  laded 
for  two  days  and  two  nights,    . 

When  the  clouds,  as  they  come  forward,  appear 
to  diverge  from  a  point  in  die  horizon,  a  wind  may 
be  predifted,  either  from  that  or  the  oppofite  quarter. 

When  the  (ky  is  covered  with  clouds  above,  and 
there  are  fmall  black  fragments  of  clouds,  like  fmoke, 
fly  irig  underneath,  rain  is  generally  near,  and  frequcndy 
lafting. 

The  moft  certain  fign  of  .rain  is  two  different  cur- 
rents of  clouds,  efpecially  if  the  lower  current  flies 
faft  before  the  wind  ;  when  two  fuch  currents  appear 
in  hot  weather,  tl^.ey  forebode  a  thundcr-ftorm. 

The  inhabitants  of  the  Alps,  when  diftant  objects 
appear  diilind:  and  well  defined,  and  when  the  iky  ap- 
pears of  a  deep  blue,  fuppofe  it  a  decifive  fign  of  rain, 
though  no  other  fign  ot  it  may  appear.  The  blue 
colour  of  the  fky  in  any  country  is  certainly  pccafioned 
by  a  quantity  of  vapour  equally  diffufcd  through  the 
air  at  the  time, 

Mr,  Adams  obferves  of  the  dew,  that,  when  it  ap- 
pears plentifully  upon  the  grafs  after  a  fair  day,  another 
fair  day  may  be  expected  ;  but  if  after  fuch  a  fair  day 
there  is  no  dew  upon  the  ground^  and  no  wind  ftirring, 
6  it 
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it  is  a  fign  that  the  vapours  afcend,  and  that*  there  will 
be  an  accumulation  above,  which  muft  terminate  in 
rain.  When  the  dew,  or  hoar  froft,  abounds  at  an 
unufual  fcafon,  and  the  barometer  is  low,  it  is  in  ge- 
neral  a  fign  of  rain, 

V.  As  thtjky  indicates  the  (late  of  the  vapours  in 
the  atmofphere,  its  colour  may  be  confidercd  as  an  index 
%6  the  weatlier. 

When  the  vapours,  which  appear  red  in  the  even- 
ing, are  difperfed,  the  iky  in  the  morning  in  general 
becomes  clear ;  but  when  they  continue  to  fjoat  in  the 
atmofphere,  the  morning  flcy  becomes  red  aifo,  and 
rain  frequently  follows. 

When  a  lowring  rednefs  fpreads  far  upwards  from 
the  horizon,  whether  in  the  morning  or  evening,  it 
is  fuccecded  frequendy  by  either  rain  or  wind,  fome-t 
times  by  both. 

When  a  rednefs  in  the  fky  extends  towards  the 
zenith  in  the  evening,  the  wind  may  he  expefted  to 
proceed  from  the  weft,  or  fouth-weft,  accompanied 
with  rain  in  confiderable  quantity.  Perhaps  one  of  the 
n^oft  certain  figns  of  fine  weather  is  the  loftinefs  of 
.the  canopy  of  the  flcy. 

As  the  rays  of  light  which  pafs  from  the  fun,  moon, 
or  ftars,  to  the  earth,  arc  certainly  afFefted  in  their  co-. 
Jour  by  the  ftate  of  the  vapours  through  which  they 
paCs,  thofe  colours  may  be  confidered  as  indications 
of  the  quantity  and  nature  of  thofe  vapours. 

When  the  clouds  in  the  eaft,  about  fun-rife,  appear 
of  a  gay  orange  colour,  it  is  generally,  and  not  impro- 
perly, fuppofed  to  be  a  fign  of  rain. 

VI.  The  firft  of  Roman  poets,  and  not  the  lad  of 
natural  philofophers,  Virgil,  obferves,  that  a  pale  moon 
is  a  Hgn  of  rain  s  that  a  re4  one  forebodes  wind  ;  and 

that 
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that  when  (he  wears-  bcr  own  nataral  whitencfs,  with  a 
fcrene  fky,  it  is  a  fign  of  fair  weather. 

Mr.  Jones,  in  his  phyfiological  dilquifitions,  fays, 
that  when  it  rains  durirtg  a  moon,  the  following  change 
will  probably  produce  clear  weather  for  a  few  days, 
and  then  a  continuation  of  rain ;  but  on  the  contrary, 
when  it  has  been  fair  throughout,  and  it  rains  at  the 
change,  the  fair  weather  will  probably  be  reftored 
about  the  fourth  or  fifth  day  of  the  moon,  and  continue 
as  before.  This  gentleman  adds  confiderable  weight 
to  this  obfervation,  by  afferting,  that  he  has  made  hay 
after  thefe  prognoftics  for  twenty  years,  without  having 
once  had  the  mortification  to  fee  it  damaged  by  raia 
I  muft,  however,  confefs,  that  the  reafbn  of  the 
fadt  is  not  clear  to  my  mind ;  and  I  therefore  give  it 
folely  upon  his  authority,  and  recommend  it  to  fu- 
ture obfervers  to  confute  or  confirm  it  by  accurate 
obfervations. 

VII.  A  whiftUng,  or  howling  wind  has  been  generally 
efteemcd  almoft  an  infallible  fign  of  rain. 

Though  thefe  principles  have  never  as  yet  been  re- 
duced to  a  regular  fyftem  ;  yet  from  obfcrving  care- 
fully the  above  prognoftics,  or  rather  the  combinations 
and  coincidences  of  them,  very  tolerable  conjectures 
may  be  f  rmcd  of  the  weather  which  may  be  expe<5led, 
particularly  with  refpeft  to  drought  or  moifture.  It 
is  obfervation  only,  however,  which  can  enable  any 
man  to  form  fuch  conjeftures  with  tolerable  accuracy. 
The  knowle:^ge  of  weather  is  rather  a  practical  than 
fpeciilative  fcience;  to  "  difcern  the  face  of  the  fky" 
was  an  art  poft*eflcd  by  ruftics  at  a  very  remote  period 
of  fociety ;  and,  at  this  time,  the  judgment  of  a  (hep- 
herd  or  ploughman  on  this  fubjeft  will  commonly  be 
found  a  more  infallible  guide  than  that  of  a  philofopher^ 
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AEROSTATION. 


Hijl^ry  of  Jeroflation,^^Difc(yvery  of  Air  Balloons  hy  M.  M.  Motttgd^ 
fier, — Firft  Balloon  exhibited  at  Annonay, — Balloon  filled  with  in* 
fiammahle  Air  exhibited  at  Paris.-^Pilatre  de  Rozier  afcends  in  n 
Balloon, — Firjl  Balloon  exhibited  in  England, — ^cent  of  M,  Lm* 
nardi^'-^oyage  of  M,  Blauchard  and  Dr,  Jeffries  acrofs  the  Chan^ 
nel. -^Unfortunate  Catajlrophe  of  M.  M,  de  Rozier  and  Remain.'^ 
Mr,  Baldavin^s  Defcription  of  the  Frofpe3  from  a  Balloon. -^Prisif 
ciples  of  Aeroftation.'^Modes  of  filling  Balloons, ^^Ufe  to  which  tkfjf 
bofve  been  applied*  - 


WHEN  the  principles  of  natural  philofophy  are 
confined  to  theory  only,  they  may  amufe  and 
inftrudl  the  inquiring  few,  without  qxcicing  either  the 
f  uriofity  or  admiration  of  the  multitude  5  but  when 
thofe  theories  are  reduced  to  pradlice,  and  illuftrated 
by  experiment,  it  becomes  then  more  generally  in- 
terefting,  and  attrafts  the  attention  of  the  moft  unin- 
formed minds.  Perhaps  the  principles  upon  which  the 
air  balloons  are  conftrufted  might  be  among  the 
amufing  fpeculations  of  a  Boyle  or  of  a  Newton,  but 
the  adlual  exhibirion  of  thofe  aerial  machines  was  rc- 
ferved  to  awake  the  curiofity,  and  excite  the  aftonilh- 
mcnr,  of  the  prefent  age. 

The  Hon.  Henry  Cavendifli,  in  the  year  1766,  dif- 
covered  that  inflammable  air  was  at  lead  feven  times 
lighter  than  common  air.  Soon  after  this  it  occurred  to 
Dr.  Black,  that  if  a  bladder,  fufficiejitly  light  and  thin, 

was 
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was  filled  with  this  air,  as  the  mafs  would  be  fpecifi- 
cally  lighter  than  the  fame  bulk  of  common  arr,  it 
would  necciTarily  rife  in  th'.^t  fluid.  A  few  years  after- 
wards Mr.  Cavallp  made  fome  experiments  on  this 
fuhjcft,  and  to  hiai  belongs  the  honour  of  bringing  the 
fjggcftion  of  Dr.  Black  firft  into  public  notice,  in  a 
paper  which  was  read  to  the  Royal  Society  on  the 
coth  of  June  1782.  He  found  that  the  thinneft  blad- 
ders were  too  heavy,  and  that  China  paper  was 
permeable  to  thp  inflammable  air ;  he  proceeded  there- 
fore no  further  than  blowing  up  foap-bubbles  with  in- 
flanxmable  air,  which  afcended  rapidly  to  the  ceiUi^  of 
eroom,  and  broke  againft  it,  and  thcfc  may  be  termed 
the  firft  inflammable  air  balloons  which  were  ever  ex- 
hibited.     ■ 

While  the  art  of^  aeroftation  was  thus  on  the  pobt 
of  being  difcovered  in  Britain,  M.  M.  Stephen  and 
Jofeph  Montgolfier,  paper  manufafturers  at  Annonay, 
in  France,  diftinguifhcd  themfelves  by  exhibiting  an 
aeroftatic  machine  of  confiderable  magnitude  *. 

After  various  inferior  experiments,  a  grand  one 
was  made  at  Annonay^  on  the  5th  of  June,  178J, 
before  a  great  multitude  of  fpeAators.  A  flaccid  bag 
was  fufpended  on  a  pole  thirty-five  feet  high  j  ftraw 
and  chopped  wool  were  burnt  under  the  opening  at 
the  bottom  ;  the  vapour,  or  rather  fmoke,  foon  inflated 
the  bag  fo  as  to  diftcnd  it  in  all  its  parts,  and  this  im- 
menfe  mufs  afcended  in  the  air  with  fuch  rapidity,  thdt 

t  The  principle  upon  which  the  aerial  machines  of  Meffrs, 
Montgolfier  were  cunflfucled  was  that  or"  air  rarefied  by  hcat>  by 
which  it  became  expanded,  and  therefore  difpofcd  to  afceud  in  the 
common  air.  As  in  various  other  philofophical  experiments,  fo 
in  this  of  the  two  brothers,  acciderzt  ofFored  her  precarious  aid,  and 
they  had  the  judgment  to  make  a  proper  applica.tion  ©f  a  cafual 
^ifcovery. 
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in  tiefs  than  ten  minutes  it  reached  the  hei|^t  of  fix- 
thoufond  feet.  It  was  carried  in  a  horizontal  di-' 
re£tio»  to  the  diftance  of  feven  thoufand  fix  hirndrcd' 
and  fixty-eight  feet,  and  then  defccnded  gently  on  the-' 
ground. 

The  true  caufe  of  the  afcenc  of  thefc  machines  is,. 
the  air  being  rarefied  and  expanded  within  them  by 
"  the  application  of  heat. 

Thefe  experiments  were  no  fooner  communicated" 
to  the  phiiofophers  of  Paris,  than  it  occurred  to  then^; 
that  as  the  weight  of  inflammable  air  was  not  more- 
riian  the  eighth  or  tenth  part  of  that  of  common  air,  a^ 
balloon  might  be-  inflated  with  this  light  air,  which^ 
would  anfwer  all  the  purprofcs  of  thofe  of  M.  Mont- 
golfier,  with  feveral  ad^iitional  advantages.  Theff 
cortftruftcd  a  globe  of  luteftring,  whidi  was  made  im- 
pervious to  the  inclofcd  air  by  a  varnilh  of  elaftic  gOaf 
diflblved  in  fpirits  or  eifential  di).  .  On  the  23d  of 
Auguft,  1783,  they  began  to  fiU  a  globe  of  thirteen: 
feet  diameter  with  inflammable  air ;  on  the  a7th  of  tlw- 
&me  month  it  was  carried  to  the  Champs  de  Mars,  and: 
bting  djfengaged  from  the  cords,  it  arofc  in  two  mi*- 
nutcE  to  the  height  of  three  thoufand  one  hundred  and' 
twenty-three  feet.  When  this  baUoon  went  iip,  its^ 
weight  was  thirty-five  pounds  lefs  than  the  fame  bulk 
of  common  air. 

The  firft  perfbn  who  afcended  into^  die  atmofpherc: 
in  one  of  thefc  machines  was  M.  Pilatre  de  Rozier. 
On  theifih  of  Oftober,  1783,  this  adventurer  went' 
up  frtMTi  a  garden  in  the  Fauxbourg  St.  Antoine  in^ 
Paris,  in  a  balloon  of  the  Monrgolfier  kind,  or  thofe' 
inflated  by  heat  or  rarefied  airj  its  diameter  was  about 
forty-eight  feet,  and  its  height  about  fcvency-four  i  htr 
afcended  from  amidft  an  aftoniftied  multitude  to  thC' 
hoght  of  eighty^four  feet  from  the  ground,  and  there- 
kept 
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kept  the  machine  afloat  during  four  hours  and  twenty- 
five  minutes  by  repeatedly  throwing  ftraw  and  wool 
upon  the  fire.  It  then  defcended  to  the  ground,  and 
the  intrepid  adventurer  aflured  the,fpeftators,  that  he 
had  not  received  the  leaft  inconvenience  during  this 
aerial  excuifion. 

The  firft  balloon  was  exhibited  in  England  on  the 
25th.  of  November,  1783,  in  the  Artillery-ground, 
London,  by  Count  Zanibeccari,  an  ingenious  Italian. 
\t  was  launched  from  that  place  at  one  o'clock  in  the 
afternoon,  and  at  half  paft  three  was  taken  up  near 
Petworth,  in  Suflex,  forty-eight  miles  from  London. 
It  therefore  went  nearly  at  the  rate  of  twenty  miles  an 
hour,  and  its  dcfcent  was  occafioned  by  a  rent  fup- 
pofed  to  be  the  efFe6t  of  the  rarefaftion  of  the  inflam- 
mable air,  when  the  balloon  afcended  to  the  ra«er 
parts  of  the  atmofphere. 

The  firfl:  aerial  navigator,  however,  who  amufed 
the  intelligent,  and  aftonifhed  the  uninforoved  of  diis 
country,  was  Vincent  Lunardi,  a  native  of  Italy;  his 
balloon  was  about  thirty-five  feet  diameter;  the  air 
for  filling  it  was  produced  from  zinc,  by  means  of  a 
diluted  vitriolic  acid.  He  afcended  from  the  Artil- 
lery-ground at  two  o'clock,  on  the  15th  of  Septeoiber, 
1784.  His  balloon  firft  took  the  direftion  of  north 
weft  by  weft,  but  it  foon  fell  into  a  current  of  air  which 
carried  it  nearly  north.  At  ten  minutes  paft  four  he 
4cfcended  on  a  meadow  near  Ware,  in  Hertfordfliire: 
during  the  courfe  of  his  voyage  the  thermometer  was 
as  low  as  29%  and  the  drops  of  water  which  adhered 
to  the  balloon  were  frozen. 

I  was  myfclf  a  fpeftator  of  the  flight  of  M.  Lunardi, 
and  I  muft  confefs  I  never  was  prefent  at  a  fight  fo 
interefting  and  fublime.  The  beauty  of  the  gradual 
afcent,  united  with  a  fentiment  of  terror  On  account 

of 
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of  the  danger  of  the  man,  and  the  novelty  and  gran- 
deur of  the  whole  appearance,  are  more  than  words 
can  exprefs.  A  delicate  woman  ^  was  fo  overcome 
with  the  fpedtacle,  that  (he  died  upon  the  fpot  as  the 
balloon  afcended  i  feveral  fiinted;  and  the  filent  ad- 
miration of  the  anxious  multitude,  was  beyond  any 
thing  I  had  ever  beheld. 

The  moft  daring  of  all  aerial  voyages,  however,  was 
that  performed  on  the  7th  of  January,    1785,  by  M. 
Blanchard  and  Dr.  Jeffries,  acrofs  the  Straits  of  Dover 
to  France.     At  about  one  o'clock,   the  balloon  was 
launched  near  the  high  cliff  in  that  vicinity ;  the  ballad 
was  all  thrown  out  except  three  bags  of  ten  pounds, 
each  J  there  being  but  little  wind  their  progrefs  was 
very  flow  ;  they  defcribed  the  profped  which  they  had 
of  the  fouthern  coaft  of  England  as  extremely  delight- 
ful ;  ind  they  were  able  to  count  thirty-feven  villages. 
Perceiving  the  machine  to  dcfcend,  they  threw  out  at 
feveral  times  all  their  ballad,  books,  &c.  and  at  about 
twenty  five  minutes  pad  two,  they  had  a  mod  en- 
chanting profpeft  of  the  French  coad.     '  We  threw 
away/  fays  Dr.  Jcfferies,  '  our  only  botde,  which,  ia 
,  its  defcent,  cad  out  a  deam  like  fmoke,  with  a  ru(hing , 
nbife,  and  when  it  druck  the  water,  we  heard  and  felc 
the  fhock  very  perceptibly  on  our  car  and  on  the  bal- 
loon/    At  length  they  paflcd  over   the    high   lands 
between  Cape  Blanc  and  Calais,  when  the  machine 
rofe  to  a  greater  height  than  it  had  reached  during 
the  Whole  voyage.     They  defcended  in  fafety  among 
fomc  trees  in  the  fored  of  Guiennes.     In  confequence 
of  this   voyage,  the  king  of  France  prefenttrd  M. 
Blanchard  with  a  purfe  of  1 2,000  livres,  and  granted 
him  a  penfion  of  1,200  livres  a  year. 

The  art  of  navigating  through  the  air  made  fo  rapid 
a  progrcfsi.tbat  within  two  years  from  its  fird  diico* 

very 
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This  dreadful  cacaftrc^he  feems  to  have  contributed  - 
to  put  an  end  to  thefe  experiments.  Mr.  Baldwin, 
of  Chefter,  however,  afcended  from  that  city  in  th$ 
month  of  September^  in  the  fame  year,  and.  has  pub- 
liihed  a  very  accurate  and  curious  account  of  his  ob« 
fervations  during  his  voyage.  In  his  afcent  he  ob- 
lerved,  that  the  loweft  bed  of  vapour  neareft  the  earth 
appeared  like  pure  white  clouds  in  detached  pieces, 
which  feftned  to  incfeafe  as  he  rofe.  They  prefendy 
coalefced,  and  formed,  as  he  fays,  ^  a  fea  of  cotton, 
tufting  here  and  there  by  the  ^ion  of  the  air  in  th6 
undifturbed  part  of  the  clouds/  The  whole,  fooo  be- 
came an  extended  white  floor  of  cloud  1  above  which, 
at  great  and  unequal  diftances,  he  obferved  a  vafl:  af- 
femblage  of  thunder  clouds,  each  parcel  confifting  of 
whole  acres  in  the  denfeft  form ;  he  compares  their 
form  and  appearance  to  the  fmoke  of  omnon,  only 
denfer,  and  fomewhat  refembling  vtft  malfes  of  fnow. 
Some  clouds  had  motions  in  flow  and  various  direct 
tions,  farming  a  fcene  upon  the  whole  truly  ftupendoui 
and  majeftic. 

The  principles  on  which  balloons  afcend  m  thaat« 
mofphere  will,  after  what  has  beenftated,  be  eafily 
underftood.  .  It  is  a  well  known  rule  in  hydix)ftaticsif 
that  when  a  body  is  immerfed  ifi  any  fluid,  if  its  weight 
is  lefs  than  an  equal  bulk  of  that  fluid,  it  will  riie  to 
the  furface,  but  if  heavier  it  will  Gpk,  «nd  if  equal  4^ 
will  remain  in  the  pbce  where  it  is  flrfl  ftationed.  Oa 
this  principle,  fmoke  or  vapour  afcends  in  the  atmo* 
fphere,  aqd  heated  tir  in  that  which  is  colder.  That 
heated  air  will  afcend  is  eafily  proved,  by  bringing  f 
red-hot  iron  under  a  fcale  of  a  balance,  which  will  in- 
ftantly  afcend,  becaufe  the  hot  air,  being  lighter^  than  * 
that  which  is  colder,  afcends,  and  ftrikes  th6  bottom. 
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and  impels  it  upwards;  but  as  the  denfity  of  the  atmo- 

fphcrc  dccreafes,  on  account  of  the  dinninifhed  prcffurc 
of  the  fuperincumbent  air,  and  the  elaftic  property 
which  it  poflefles,  at  difFcrent  elevations  above  the 
earth,  an  air  balloon  can  rife  only  to  a  height  in  which 
the  furrounding  air  will  be  of  the  farrie  fpecific  gravity 
with  itfelf.  When  it  is  in  this  fituation,  it  will  cither 
float,  or  be  carried  in  a  direftion  with  the  wind  or  cur- 
rent of  air  which  it  may  happen  to  encounter  in  thofc 
tipper  regions. 

iTie  whole  theory  of  aeroftation  depends  upon  this 
prinsiple;  for  the  fame  cffcft  is  produced,  whether 
we  make  the  air  lighter,  by  introducing  heat  into  it, 
or  indofing  a  quantity  of  gas  lighter  than  the  com- 
mon air;  both  will  ticcnd  on  the  fame  principle. 
^ilofophers  have  found  by  experiments,  that  a  cubic 
foot  or  iir  weighs  about  five  hundred  and  fifty-four 
grains,  and  that  it  is  expanded  by  every  degree  of  heat 
marked  on  Fahrenheit's  thermometer,  about  one 
^vc-hundredth  part  of  the  whole;  by  heating,  there- 
fore, a  quantity  of  air  to  five  hundred  degrees,  we 
double  its  bulk  when  the  thermometer  (lands  at  54* 
in  the  open  air,  and  confequently  its  weight  will  be 
tjiminilhed  in  the  fame  proporrion. 

With  refpedt  to  the  mode  of  inflating  a  balloon  with 
heated  air,  nothing  more  is  neceffary  than  the  injec- 
tion of  heat  into  the  machine,  by  burning  combuftibles 
under  it.  The  air  for  filling  the  inflammable  air- 
balloons  may  be  obtained  in  feveral  ways ,  but  the 
bcft  methods  are,  by  applying  acids  to  certain  metals, 
or,  by  cxpofing  a  quantity  of  water  with  certain  mi- 
neral fubftances,  in  a  clofe  veflel,  to  a  ftrong  fire_. 
M.  Lavoificr,  for  this  purpofe,  made  the  fteam  of 
boiling  water  pafs  through  the  barrel  of  a  gun  kept 
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OF  ELECTRICITY. 

Chap.  I.— page  397. 
HiAory  of  DircoTerieireladire  to  EIcQricity. 
Origin  sf  iht  Name.—Hen3i  far  EUilridly  tvai  ixmuM  tt  iti  Jf 
litTiti.—Mr.  ByU.—Otto  Guiricit^Dr.  Wall-^Mr,  Haviijhtt. 
Mr.  Grifi  Di/cBvtriii^—M.  Da  Fefi.-~SiitftjMai  t>ijct«vtrm  ef 
Mr.  Griy. — ImprevimtnU  e/Gtrmen  Phihjiptiri. — Ltydrx  Phial. — 
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FraniliH'i  grtat  Di/ccvtriti. 
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Jnalagy  betiuttn  Calorie,  or  Firt,  anJ  iht  tliSrical  FLiJ^i'^TIfe  JrgU' 
tntittt  an   lie   ttntrarj  Sidt.—^BwjtBurtt  nnetriuitg  liw  NtUurt  if 
tbirFluiJ.'— Meant  cf  pradnciitg  iltiiricl  Phenomika.^-Ctaduilart- 
Mnd  NtH'tanduatre.—Infinaumli  tmplajtd  in  EUSricitj. 

Chap.    Ill— page  jaj. 

Of  the  Vitreoas  and  Refinout,  or  Pofidve  and  Negative  Eledricity. 

Difiiitaien  in  the  aitraSive  Pwntrt  tf  <ertan  EltilTi($.—Tbtfi 
EjfeHi  /aund  to  defend  nei  n  tie  Mature  %f  the  Snbftmtee,  ha  tit 
Roughni/s  or  Smaolinc/i  of  the  Surjait. — Titery  0/  T%ua  difiitia 
Fliadj, — FraxkUn'i  1  beery. -—Di^mhiti  atttndiag  it. 

Chap.     IV.— page  319. 
The  Leyden  Phial,  EleAiical  Batiery,  and  Other  Part)  of  the 
Apparatui. 
Theory  of  the  Leydm  Piial. — III   Ufe  in  EUarieity.—Df/eriftit»  ^ 
the  bifi  Afparatni  of  ihit  Kind.— The  Ciargt  refidti  in  the  Glaft. 
•^Cnrieui  Exftrimenti  vili  the  Ltydin  Phial.— EUitncal  Batiery. 
^Infirnaim  rtUtrve'l*  it. — Experiments  tviib  the  ett^ricaiS^- 
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Cbaf.     V.^)age338. 
EleArical  Phenomena. 
Phenomena  of  Attraaim  aad  Repidfin.—Eleilrical  AimoAiere^^Dif' 
ftrent  EgiBs  en  different  Siiiftancii.^-^EUarie^  Cobtfien.^^Experi- 
menu  on  Silt  Sloctingt. — On  tie  Evafomtien  of  Fluids. — feget^ 
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recthot  by  burning  coals.    Dr.  Pricftlcy  recommend 
a  tube  of  red-hbt  brala,  filled  with  fmall  pieces  of 
iron.     By  this  AittKod  inflammable  air  h  produced*  . 
the  fpecific  gravity  of -which  is  to  diat  of  common 
air  as  I  to  13. 

The  beft  varnifh  for  coating  the  filk  of  the  bal- 
loon in  order  to  retain  the  inflammable  air^  is  that 
uFed  by  M.  Blanchard,  which  confifts  of  claftic  gum, 
or  caoutchouc,  cut  fmall,  and  boiled  in  fiVe  ti'mes  its 
weight  of  oil  of  rurpemine,  the  folution  being  after-, 
wards  boiled  for  a  few  minutes  with  drying  linfeed 
oil.  This  varnifh  muft  be  ufed  warm.  An  aperture, 
with  a  valve,  to  which  is  attached  a  cord,  mufl:  be  left 
in  the  top  of  the  balloon,  to  prevent  its  burCling,  by 
■  too  great  inflation,  in  the  higher  regions,  where  the  air 
is  lefs  denfe. 

The  only  praftical  ufe  hitherto  difcovered  for  bal- 
loons, is  that  to  which  the  French  engineers  have  ap- 
plied them  in  the  prefcnt  war,  which  is,  by  raifing  them 
to  a  convenient  height,  to  enable  the  engineer  to  re- 
connoitre the  camp  of  the  enemy,  of  a  fortified-place, 
fo  that  he  can  direct  the  attack  to  that  part  which  is 
moft  eafily  affaileH. 

That  fo  extraordinary  an  invention  (hould,  however, 
terminate  here,  it  is  not  eafy  to  believe.  The  curiofity  . 
of  the  public  has  for  the  prefcnt  been  fatiated ;  and 
the  few  accidents  which  have  happened  have  dimi- 
nifhcd  the  fpirit  of  adventure.  The  difficulty,  indeed, 
of  regulating  the  courfe  of  thefe  aerial  machines  feems 
an  almoft  infurmountable  bar  to  their  general  utility. 
But  who  will  prcfume  to  fet  bounds  to  the  ingenuity 
and  courage  of  man  ?  The  firft  mortal,  who  com- 
mitted himJelf  to  the  waves  on  a  milhapen  raft,  had 
probably  no  fufpicion  of  even  thofe  trivial  improve- 
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